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ABSTRACT 
Agriculture is the mainstay of the people of North Bihar Plain 
and it constitutes the most important source of income in the region. 
It provides, directly or indirectly livelihood to a substantial proportion 
of the population and contributes a major share in the economy of 
Bihar. The agriculture of North Bihar Plain is mainly of subsistence 
type, where a majority of the farmers belong to the category of 
marginal landholdings. Therefore, the development of this sector of 
the economy is of prime concern. The main aim of agricultural 
development is to achieve a required amount of crop production for 
the growing population. 
Agricultural operations are influenced by a combination of 
physical, techno-institutional and socio-economic conditions. The 
present work is an attempt to assess the agriculture in North Bihar 
Plain with reference to ecological conditions. The main objectives of 
the study are to examine the agricultural development in the study 
area with respect to land use pattern, cropping intensity, crop 
productivity and their correlates which are likely to cause regional 
variations in the levels of agricultural development. 
North Bihar Plain forms a part of Indo-Gangetic Plain with a 
geographical area of 54,990 sq.km. comprising 22 districts of the 
state of Bihar. The region contains a total population of 55.17 million 
persons, with an average density of 1003 persons per sq.km (Census 
of India, 2001). It possesses 58.4 per cent of the total geographical 
area of Bihar and a population of 66.57 per cent. 
The present study is based on secondary sources of data for 
the period which extends over three points of time: 1985-90, 1990-95 
and 1995-2000. For each time frame five successive years data were 
averaged. The district has been taken as an unit of study. Seventeen 
major crops which are gro'wn in the region have been considered and 
they are grouped into: cereals, pulses, oilseeds and cash crops. The 
impact of ecological parameters on agriculture was analysed with the 
help of factor analysis technique considering North Bihar Plain as an 
area of study, as well as for productivity regions demarcated as high, 
medium and low. The computation work was done on SPSS 
Programme on ALPHA System. 
The whole work has been divided into five chapters. The 
first chapter is devoted to the physical characteristics of the study 
area to deal with the structure and relief, drainage, climate and soil. 
North Bihar Plain is a levelled plain formed by the alluvial deposits. 
The slope of the plain as marked by the flow of river channels is from 
northwest to southeast. The region enjoys a tropical monsoon type 
of climate characterised by a seasonal change of rhythm 
corresponding to two main cropping seasons : kharif {summer crops) 
and r^Z?/(winter crops). 
The second chapter gives an account of ecological 
parameters (pertaining to climate and soil) which influence the 
growth and development of crops. Chapter third incorporates an 
analytical frame of the study. This deals with the trends in crop 
cultivation with reference to land use pattern, cropping intensity, and 
growth in cropped areas, production and yield of crops. 
Chapter four is devoted to deal with the conceptual 
framework of crop productivity and regionalisation of productivity in 
North Bihar Plain, the indices computed based on the method of 
Yang's Crop Yield Index. A correlation assessment has been worked 
out in the fifth chapter, on the basis of some selected important 
technological factors in the agriculture of North Bihar Plain, for the 
year 1999-2000. In order to establish an input and output relationship 
a set of eleven independent variables and one dependent variable 
(productivity index) were selected and analysed for North Bihar Plain 
considering it as a single unit of study and productivity regionswise. 
Further, it was attempted to determine the levels of agricultural 
development in the region with the help of a composite index. 
The findings of the study reveal that agricultural 
development in North Bihar Plain seems to be more dependent on 
technological factors (including irrigation, chemical fertilizers (NPK), 
High-Yielding Varieties (HYV) of seeds and agricultural machinery) 
rather than on ecological parameters. The regions which show a 
concentration of high degree of agricultural innovations are 
agriculturally advanced than the regions in which the farming is 
traditional and nature's role is dominant. 
In the last the thesis is summed up with some of the 
recommendations if they are incorporated they can help in bringing 
the change in agriculture in the region. 
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PREFACE 
The development of agriculture is the utmost task in a densely 
populated and agriculturally dominated economy. The objectives of 
agricultural development are to achieve food security for a fast increasing 
population. In the present study an attempt is made to assess the regional 
variations in agricultural development in North Bihar Plain with the 
consideration of ecological parameters. 
The entire work has been divided into 5 chapters. Chapter first is 
devoted to deal with the physical setting of the region (including structure 
and relief, drainage, climate and soil). Chapter second gives an account of 
the ecological parameters which bear impact on agriculture. Ecological 
parameters take into account climatic and edaphic characteristics. 
Chapter third deals with the existing land use pattern and cropping 
intensity. The percentage growth of area, production and yield under major 
crops have been examined. In chapter fourth, a brief review of the concept 
and techniques of measurement of agricultural productivity has been 
presented. This chapter also focuses on the aspects of regionalisation of 
crops. Chapter fifth is devoted to deal with the spatial analysis of agricultural 
technology which is in use of agriculture of North Bihar Plain. This chapter 
also deals with the input and output analysis. 
In the end of the study some suggestions have been given, which 
may present a base for framing the planning to minimize the regional 
inequalities in the levels of agricultural development. 
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Agriculture is the mainstay of the economy of North Bihar Plain, 
where it engages directly or indirectly about 82 per cent of the total 
population and contributes a major share in the state's economy. It is, 
therefore, needed to make a regional assessment of crop productivity and 
levels of agricultmal development. The assessment of agricultural 
development serves an ideal purpose for planning and allocation of resources 
in order to increase the productive efficiency in a substantial manner, 
thereby providing the means for raising the standard of living. 
Even after more than half centniy of independence, achieving a 
sustained self-sufficiency in food production remains country's prime 
concern. One obstruction in this way is an increasing population. The total 
population of the region is 55.17 million with an increasing rate of 2.8 per 
cent per annum, and an average density of 1003 persons per sq. Km. (Census 
of India, 2001). Net cultivated area has remained constant, whereas per 
capita availability of cultivated land is decreasing gradually. It is, therefore, 
needed that agricultural development should be examined on a regional basis 
in order to assess the variations in space and time. 
No doubt agriculture is a multi-dimensional phenomenon, but it is 
true that climate and soil play a decisive role in growing of crops. An 
understanding of these phenomenon may, therefore, be considered as the 
prerequisite in ascertaining the existing and future potentials of crop 
production. In view of the importance of ecology, the author in the present 
work has attempted to examine the role of ecology in agriculture of North 
Bihar Plain. 
North Bihar Plain was selected as the study of area because in this 
region basically the cultivation of crop is one of the predominant 
occupations of the people. Moreover, being the homeland of the author, the 
area is well known, and it forms a well defined geographical region. 
North Bihar Plain lies between the latitudes 24°31'N and 27°25'N 
and the longitudes 83°51'E and 88«15'E with a geographical area of 58,050 
sq.Km. It forms a part of the state of Bihar, and is bordered on the north by 
Nepal and on the south by the Ganga river. On the west it is bounded by the 
districts of Deoria and Ballia of the state of Uttar Pradesh, and on the east 
by the district of Darjeeling of the state of West Bengal. The entire region 
lies to the north of the Ganga river, except the district of Bhagalpur, some 
portion of which extends to the south of the Ganga river. 
For the administrative purpose, the region in 1985-90 comprised 
18 districts, later on for reorganizational purposes, the number of districts 
increased from 18 to 22 (Census of India, 1991) with the creation of 4 new 
districts of Kishanganj, Araria, Supaul and Sheohar (Fig. 1). However, the 
districts of Supaul and Sheohar were incorporated in the present study only 
for the period of 1995-2000 because of the non-availability of data for the 
previous years. After the bifurcation of the district of Bhagalpur (Census of 
India, 1991) and creation of a new district of Banka, this new district was 
excluded from the study for the period 1995-2000 as it lies exclusively to 
the south of the Ganga river and forms a part exclusively of the plateau 
surface. With the exclusion of the area of the Banka district, the region 
accounts for a geographical area of 54,990 sq.km. 
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Tlie main objectives to take up the present study are : 
(i) to study the physical characteristics of the region which provide the 
basic framework for evaluating the characteristics of agriculture. 
(ii) to examine the impact of ecological parameters which are responsible 
for variations in agricultural development. 
(iii) to study the existing land use pattern and cropping intensity in the 
study area and changes occurred wherein between 1985-90 and 
1995-2000. 
(iv) to study the agricultural development with special emphasis on crop 
productivity. 
(v) to examine the levels of agricultural development and its correlation 
with climatic, edaphic and technological factors. 
(vi) to prepare a strategy for minimizing the existing regional inequalities 
in agricultural development with the help of some suggestive measures. 
The present work is based on data collected from secondary 
sources : Climatological Tables of Observatories in India, Indian 
Meteorological Department, New Delhi, Annual Season and Crop Report; 
Bihar Through Figures and official records of Directorate of Statistics and 
Evaluation, Government of Bihar, Patna. Data pertaining to soils were 
obtained from Directorate of Soil Consei-vation, Government of Bihar, Patna. 
In order to examine the impact of ecological factors on.agricultural 
development, district was taken into as the unit of study and the period 
considered for the study extends from 1985 to 2000, for three different 
points of time. For each period, five years annual figures were averaged 
indicating as the periods : 1985-90, 1990-95 and 1995-2000. 
For the present analysis a total of 17 major crops grown in the 
region were considered and they have been grouped into as : cereals (wheat, 
rice, maize and barley); pulses (gram, lentil (masoor), tur (arhar), khesari 
and peas); oilseeds (mustard and rapeseed, sesamum, linseed and sunflower) 
and cash crops (sugarcane, jute, potatoes and tobacco). To analyse the impact 
of technological factors on levels of agricultural development, data 
corresponds to the period of 1999-2000. 
Different methods have been applied to examine the agricultural 
scenario in the study area. Taking into consideration of total cropped area as 
percentage of net sown area gives an index to ascertain the cropping 
intensity. Productivity indices were calculated on the basis of the Crop Yield 
Index method initiated by W.V. Yang. The ecological and technological 
factors considered as the correlates of agricultural development were 
incorporated for the application of factor analysis technique by selecting a 
set of 12 variables. The job for the computation of data was performed on 
SPSS Programme on ALPHA System at the Computer Centre, A.M.U. 
Aligarh. Finally, the levels of agricultural development were determined with 
the help of computed composite indices. 
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A. STRUCTURE AND RELIEF 
The North Bihar Plain structurally forms part of the Indo-
Gangetic Plain, covered with a thick mantle of alluvium of varying depth, 
which lies between the north Gondwanaland of Peninsular India in the 
south and the recently built young fold mountain chains of the Himalayas 
in the north. The Indian plain extends with a maximum width of 400 km. 
and about 2400 km. in length^ consisting of the sedimentary deposits 
brought down by the great Himalayan rivers through geological times. The 
detritus brought by the rivers ranges from big boulders to silt and clay. 
The arrangement of the beds and general form of the surface is due to 
sedimentation in inclined layers^. This sedimentation is believed to have 
taken place in the Gangetic trough of post-Tertiary formation and formed 
by Pleistocene alluviation. 
The genesis and nature of this depression is a much disputed 
matter among the geologists. The Australian geologist, Edward 
Sues (1956), holds that it is a 'foredeep' formed in front of the resistant 
mass of the peninsula when the Tethyan sediments were thrust southward 
and compressed against them. The foredeep was gradually filled in by the 
eroded material from the Himalayas and Gondwana shield from south and 
this led to the formation of the plain-^. 
Burrard (1912), on the basis of geological data, postulates the 
origin of the depression in a totally different way. He holds the view, that 
1 Krishna. M S , Geology of India and Burma. Madras, 1956. p. 573. 
2 Geikic. J . Earth Sculpture. London. 1898. pp. 40-41. 
3 Krishna, M S , op. at. p 529. 
the north Indian Plain represents a rift-valley bounded by parallel faults 
on either side with a maximum down throw of 32 km"^ . Burrard's theory is 
based on geodetic observations and deductions but the Indian geologists 
have not accepted this view of the origin of Indo-Gangetic depression, 
because it is not much supported by geological facts and is not in 
conformity with the geo-physical observations. 
A third and more recent view regarding this region is that it is a 
sag in the crust formed between the northward drifting of Indian continent 
and the comparatively soft sediments accumulated in the Tethyan basin 
when the later were crumpled and lifted up into a mountain system^. The 
depression perhaps began to form in the upper Eocene and attained its 
greatest development during the third Himalayan upheaval in middle-
Miocene. Since then it was gradually filled up by sediments to form a 
level plain with a veiy gentle seaward slope^. Geological and geodetic 
data appear to support this view of the northward drift of the Indian 
continent and is more acceptable^. Krishna and Aiyangar (1956) believe, 
that the available evidence indicates that this depression was a contiguous 
lagoon or foredeep formed in front of the Himalayan ranges. It is almost 
certain that Siwaliks extend down for several kilometers underneath the 
alluvial cover of the Indus and Gangetic valley^. On the basis of the 
4. Burrard. S.G.. On the origin of Himalayan Mountains, Professional Paper No.12. 
Geological Survey of India, Calcutta, 1912. p. 11. 
5. Krishna. M.S.. op.cit., p. 511, 
6. Ibid., p. 529, 
7. Krishna. M.S., Introduction to the Geology of India, Madras. 1944, p, 19. 
8. Krishna. M.S.. Geology of India and Burma, op.cit.. pp, 502-3, 
10 
characteristics the Gondwana rocks formed on the northern rims of the 
alluvial belt of the plain. Wadia and Auden (1956), maintain that 
poninsular rocks consisting of the Archean geneses are continuous inside 
the plain. Continued loading of this belt by sedimentation, since the first 
upheaval of the mountain may have accentuated the sinking of the Archean 
floor, but as the process of sedimentation kept place with that of 
depression and led to the formation of the great plains of India^. Since no 
boring has reached this Archean floor, it is difficult to ascertain its 
configuration. On the basis of geological and geodetic evidences several 
contradictory estimates of the depth of this depression are made. Oldham 
(1917), finds the depth of Gangetic trough to be 4.6 to 7 km at its northern 
edge'". Cowle (1921), while criticising the above findings postulated even 
higher figures from the same data". However, the estimation has made it 
clear that the deepest part is near to the northern edge than the southern. It 
becomes shallower towards the peninsular margin. 
The North Bihar plain, as it forms part of North Indian Plains, 
comprises the alluvial deposits of clay, silt and sand with occassional beds 
of gravel, calcareous nodules and peaty organic matter'^. Geologically, 
these deposits may be classified into two broad categories: the 'bhangar' 
or the older alluvium and the newer alluvium commonly known as 
9. Ibid., p. 502. 
10. Oldham. R.D.. The Structure of the Himala> as and of the Gangetic Plain, Memoirs 
of the Geological Survey of India., Vol. 42. Part IT Calcutta, 1917, p. 82. 
]] . Cowle. H.M., A Criticism of R.D. Oldham's Paper on 'The Structure of the 
Himalayas and of the Gangetic Plain, eluciated by Geodetic observations in India'. 
Professional Paper No. 18, Memoirs of the Geological Survey of India, Dehra Dun. 
1921. p. 6. 
12 Krishna. M.S., op.cit.. p. 512, 
11 
'khadar'. The hhangar corresponds to the deposits of Pleistocene age of 
the geological histoiy, while the khadar belongs to the recent age. A clear 
distinction between these two depends on the fossils found with respective 
to ages which they show rarely and a distinct line of demarcation between 
these two divisions can hardly be drawn in the absence of full information 
regarding their fossil characteristics. The hhangar contains the remains of 
extinct species of animals including Rhinoceros, Hippopotamus, 
Palaeolaxoden, Elephas and Equus. The fossils in the newer alluvium are 
mostly those of animals still living'^. 
The alluviums of North Bihar plain are of vaiying depth. The 
greatest depth is thought to be within a few kilometres of the Himalayan 
foothills in a trough that extends from northwest to southeast through 
Motihari where the thickness of the deposits may be 1.8 km'"^. North of 
the Motihari - Purnia trough line, the deposits belong to the hhangar, 
which are dark in colour and usually rich in concretions and nodules of 
impure calcium carbonate known as 'kankar' which vaiy in shape and size. 
Generally speaking, hhangar forms the elevated lands almost above the 
flood level in the Gopalganj, Siwan, Saran, East and West Champaran, 
Muzaffarpur districts and the border zone along Nepal where the rivers 
have out thrown them to a lower level. This hhangar land is seldom 
inundated by rivers during floods. Some 'reh' a saline efflorescence mainly 
composed of the sulphate, carbonate and chloride of sodium is found in 
13 I b i d . p 574, 
14 Dunn. J.A . The Economic Geology and Mmeral Resources of Bihar. Memoirs of 
the Geological Survey of India Vol. 78. Calcutta 1942, p.8. 
12 
the western part of the region in the Gopalganj, Siwan and Saran districts. 
The khadar, on the other hand, is still in the process of formation and 
belongs especially to the late or upper Pleistocene to recent age. These 
deposits occur along the river basins occupying comparatively shallow 
parts and is flooded during months of heavy rainfall. It is generally poor 
in calcareous matter and is lighter in colour. A third division may be added 
to these two broad divisions, which is known as 'bhat\ quite unique in its 
character, the distinguishing feature being its remarkable whiteness. This 
is mainly found in the East and West Champaran districts. The bhangar 
land is mostly a levelled plain which stretches above the flood level of the 
main rivers and their tributaries. The presence of nodules of impure 
calcium carbonate or kankar in the bhangar land is due to the segregation 
of the calcareous material of the alluvial deposts into lumps somewhat like 
the formation of flint in the limestone (Wadia, 1939)^^. 
The entire tract of the North Bihar Plain is monotonously a flat 
plain without a single hill appearing above it. The only diversities seen are 
due to river action, a series of river side uplands are found which are 
known as levees. The general direction of the slope of the plain is from 
north to south towards the Ganga, but it is gentler in the west than in the 
east. North Bihar Plain is traversed by a series of southward flowing rivers 
namely, the Ghaghara, the Gandak, the Burhi Gandak, the Kamla and the 
Kosi, and their tributaries. The Himalayan streams originating mainly in 
the outer Himalaya deposit a huge load in the shape of alluvial fans at the 
foot-hills of mountain due to the sudden change in the gradient which 
LS Wadia. D N . Geology of India. New Delhi. 1939. p 369 
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becomes gentle. These rivers namely, the Kosi and the Gandak generally 
scour their beds and banks and remove the older alluvium from the higher 
northern tracts and deposit it further down streams in the southern section. 
The deposits are laid down in the southern part because of the greater 
flatness and lowlying nature of the region. Forced by new deposits the 
streams have developed a tendency to change their courses veiy oftenly. 
Sometimes they cut across the meanders and splitsoff in a number of 
channels, so that there is not only the tendency of redistributing the 
alluvium within their beds and banks, but rather the alluvium seems to be 
spread far beyond the river banks, over a greater part of the surrounding 
countiy during the floods. Flooding of these rivers is, thus, a characteristic 
feature of the southern part of the North Bihar Plain. 
North Bihar Plain can be divided into five district geographic 
divisions : (I) The Western Bhangar Plain; (II) The Burhi Gandak-
Bhagmati Doab; (III) The Sub-Montane Bhangar Tract; (IV) The Kosi 
Flood Plain, and (V) The Ganga Riverine Strip. 
I. The Western Bhangar Plain 
This plain lies north of the Ganga river and spreads from west to 
the river Burhi Gandak. It covers the entire area of the Gopalganj, Si wan 
and Saran districts, southern part of the East Champaran, southern half of 
the Muzaffarpur, and west-central part of the Samastipur districts. This 
plain has a slightly higher elevation than the adjacent areas and is a level 
plain. It slopes gradually from northwest corner of the Gopalganj district 
which has an elevation of 68 m. above the sea level towards southeast 
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where the elevation is 30 m.in the Begusarai district. The slope is 
imperceptible but the flatness of the surface is broken by the presence of 
mounds which mark the sites of old fortresses or deserted villages. The 
khadar villages are cut by major streams draining through the area. The 
uniformity of this level plain is also broken by the depressions and 
marshes that dot the entire area. These depressions are marked in south-
eastern part of the Muzaffarpur district where there are small chaurs 
(semi-circular or marshy low lands) or tals (natural depressons filled with 
water during rain). 
II. The Burhi Gandak-Baghmati Doab 
It is a narrow but long belt of khadar land running in north-west to 
southeast direction from Motihari in East Champaran to the confluence of 
the rivers Kosi and Ganga near Karhagola village in the Katihar district. It is 
a lowland area with an average elevation of 29 m. above the sea level, the 
lowest point in the North Bihar Plain region. It consists of khadar land 
traversed by the rivers of Burhi Gandak, Baghmati and Kosi. These rivers 
passing through this region are relatively narrow in their upper parts but 
open out and become broader in their lower courses. The Burhi Gandak -
Baghmati Doab land of central Champaran, Muzaffarpur, Darbhanga is 
more or less level and forms a distinct lowland section studded with 
innumerable long semi-circular lakes formed due to the shifting course of 
the river Burhi Gandak. This low land section is subjected to innundation 
during rains. The Turki embankment has been constructed toward off the 
flood water of the river Burhi Gandak. The old bed of the Great Gandak 
and its depth varies from 1 to 6 m. The doab extends further eastwards to 
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include the Rosera-Bahera lowland in the Darbhanga district and Kabor 
Ta! depression of the Khagaria district. Eastwards from khagaria 
subdivision upto Naugachia subdivision of the Bhagalpur district, it may 
be called the Ganga-Kosi Doab because it is occupied mainly by the 
present channels of the river Kosi. 
III. The Sub-Montane Bhangar Tract 
An elongated belt of entirely different structure from the 
remaining part of North Bihar Plain runs parallel to the foot-hills from 
Sumeshwar and Dun ranges in the west in West Champaran district to the 
Kishanganj district in the east. It is an elongated tract formed of bhangar 
deposits. There are, however, some lowlying areas near the streams and 
marshes that are conspicuous amongst the highly elevated areas. 
IV. The Kosi Flood Plains 
In between the Baghmati river in the west and the Mahananda river 
in the east excluding the Mahananda upland in the northwestern Kishanganj 
district and Mahananda lowland in the south of Purnia district, the entire area 
is an extensive lowlying plain intersected by numerous small streams and 
marshes. It is a region which is liable to floods from the rivers traversing 
the area. These rivers are interconnected by numerous deep and wide 
channels called 'chaiirs'. The only elevated land of the area is formed by 
levees of the large rivers from which the land gradually slopes outwards 
often meeting a similar slopping surface from some other rivers. The 
interfluvial plains are usually studded with numerous marshes which 
frequently have great areal extent. The whole of this eastern section can be 
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regarded as the flood plain of the Kosi. The river kosi and other Himalayan 
c 
streams that drain this part have independent river basins or catchment area 
is very active because of active steep gradient, with the result that the 
enormous quantities of silt are brought down by each river. These rivers have 
great fluctuations in containing volume of water. The Kosi, for instance, is 
especially notorious with a rise of 9 m. from its level in 24 hours"'. It is 
worthwhile to note, that this river does not make deposits of silt like the 
Ganga but, on the contrary, brings enormous amount of coarse sand which is 
spread over the fields making them infertile. Sometimes the amount of 
detritus and sand is so great that the beds of the river are raised above the 
surrounding land. The Kosi has been responsible for enormous devastation 
by flood or by spread of micaceous sands'^. The Kosi flood plain is, thus, a 
'sandy flat' full of dead channels of the Kosi river. In the vast expanse of the 
sandy deposits there develops pastures of fine grasses. These Prairie-like 
plains are called.'ran?f7as' that support a sizeable number of cattle and sheep. 
The newly formed alluvial deposits or chaurs are covered with dense jungles 
of coarse grass forming a good cover for wild animals'^. 
V. The Ganga Riverine Strip 
It is a narrow strip of lowland which extends along both sides of 
the main bed of the river Ganga from 3 to 16 km wide. It is a low plain 
where the Ganga takes an intricate meandering and often makes sharp 
bends leaving at places semi-circular channels forming ox-bow lakes called 
16 O'Mallc}-. L.S.S., Bengal District Gazetteer. Sikkim.Calcutta, 1917. p. 49. 
17. Spate. 0 H.K.. India and Pakistan, London. 1967, p. 565. 
18 O'Mallcy. L.S.S., Op.cU.. Purnia, Calcutta. 1911. p.3 
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called charas. The braided pattern of streams and shifting of channels are 
the main characteristics of the streams is subjected to great variation with 
respect to width and aggradation at one end and degradation at the other. At 
one place the river appears to cut into its bank and wash away village sites 
and groves, at another the shore is receiving a new alluvial deposits to fill up 
the void space left by the receding waters, wherever the banks are high they 
present an effective barrier against the degradational action of the streams. 
Several such high banks occur close to the Ganga standing as natural levees 
and these afford good reparian sites for human settlements. One such high 
bank runs from Chapra to Dighwara and Pahleza ghat in the Saran district. 
The highlands are always liable to cutaway and the lowlands which lie behind 
these natural levees or high banks are regularly inundated every year by the 
river Ganga floods which find their way through the drainage openings on its 
banks and while spreading over the inland country to fill the large marshes 
or chaurs which are so prominent features behind these high banks in the 
Saran, Khagaria, and Bhagapur districts, where the banks are slopping, the 
river beds set up an eddy in the current which become sufficiently stationaiy 
to deposit a portion of the sand which it holds in solution. The level of the 
diara, which is so far nothing but a heap of sand, then gradually rises as the 
water lying stagnant spreads a thin layer of clay and silt over the sand and 
this deposit of silt increases at every high flood until the diara rises above 
flood level. The soil of diara land is veiy fertile and grows a number of 
crops. The southern frings of the Vaishali, Samastipur, Begusarai, 
Khagaria, and Katihar districts and the central part of the Bhagalpur 
district allow flood waters to spread sometimes upto 14 km. of area in the 
interior portions. The water of Ganga spreads over the lowlying tract to 
the extent of about 32 km. to the north of the main channel. At places the 
Ganga not only overflow the countiy on its bank but also forces back the 
waters of the Gandak river and inundates the land between the two Gandak 
embankments far above the Hajipur. Extensive sandy beds and diara lands 
have emerged out in the Ganga riparian tract. 
B. DRAINAGE 
All the rivers of North Bihar Plain, rising in Himalayas, flow 
from north to south along the slope of the region and ultimately discharge 
themselves in the Ganga river. The important rivers of this region are the 
Ghaghara and its tributaries, the Jhorahi and the Daha, the Gandak, the 
Burhi Gandak with its tributaries, the Baghmati, the Kosi and its 
tributaries, the Kamla and the Balan and the Mahananda. 
The Ghaghara 
The river Ghaghara also known as the Sarju is a mighty river 
commanding a large catchment area in the Himalayas. It has its source in 
the Himalayan glaciers about 60 km. to the southwest of Manosarowar at 
an elevation of 4,800 m. The Ghaghara is joined on its left bank by the 
little Gandak about 3 km. south of village Gothini where it forms, the 
boundary between the states of Bihar and Uttar Pradesh. After receiving 
the Jhorahi and the Daha rivers on its left, it finally joins the Ganga a few 
kilometres down stream from Chapra. The course of the river Ghaghara is 
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liable to great fluctuations. It has an average gradient of 21 cm. per km. in 
this region. The banks at many places are high but, like the river Ganga, it 
inundates the countryside by forcing its way up the small tributary rivers. 
The total length of the river Ghaghara in the Saran district is about 88 km. 
and it commands a drainage basin of 3,000 sq. km. in Bihar. 
The Gandak 
The river Gandak, known as the Saligrami in Nepal, and Narayani 
or Kali in Indian Plains, is one of the important rivers of North Bihar Plain. 
The main source of the river is in the northeastern part of Dhaulagiri in Tibet. 
It flows across the districts of East and West Champaran, Gopalganj, Saran, 
Vaishali and Muzaffarpur for about 250 km. in North Bihar Plain and drains a 
total area of about 7,620 sq.km'^. It joins the river Ganga at Sonepur.Its 
banks are generally higher than the adjacent land, often overflow and 
inundates large tracts of land during the floods. The Gandak has no tributary 
all through its course in the plains. The total length as it attains reaches to 
630 km. The Gandak project has been contructed at Tribeni which irrigates 
about 1.47 million hectares of land in North Bihar Plain, Uttar Pradesh and 
NepaP". This project has reduced the revages from the floods and has been 
helpful for the establishment of small scale industries through the supply of 
cheap hydro-power. The total command area of the project in North Bihar 
Plain accounts for about 9.53 lakh hectares in the districts of East and West 
Champaran, Gopalganj, Saran, Siwan, Muzaffaipur and Vaishali. 
19. Ministry of Irrigation and Power. Report of the Irrigation Commission. Vol. 3, Part 
I. Nc\\ Delhi. 1972. p. !3!. 
20. Unpublished Records of the Irrigation Department of Bihar. Patna. 
21 
The Burhi Gandak 
It is known as the Sikarana in its upper reaches and rises in East 
Champaran district from a spring of the Sumeshwar hill at an elevation of 
300 m . above the sea level. It has a drainage area of about 10,150 sq. km. 
and flows for a total length of 320 km. The river is practically a collection 
of hill torrents rising from springs in the beginning and then assumes a 
form of river. After flowing for a distance of about 56 km. it takes a 
southerly direction and then South-easterly turn and flows through the 
Muzaffarpur district for about 32 km. After passing through Samastipur 
and Begusarai districts it joins the river Ganga. The rivers which drain the 
area to the east of the Burhi Gandak and upto the Kosi are known as the 
Adhwara group of rivers. The most important of these are the Bagmati and 
the Kamla rivers. These rivers are characterised by steep gradients in the 
Himalayan region and their flatter slopes lower down. This results in the 
droppi^lg of silt load in the middle of the channel and a consequential spill 
over of water leading to the transfer of flood waters from one river to 
another. These rivers also have a tendency to shift their courses owing to 
immature topograpy of the region. The Bagmati, a tributary of the river 
Burhi Gandak rises in the Shivapuri hills of Nepal at an elevation of 1.5 
km. The river Bagmati cuts across the Mahabharat range of hills and enters 
India at Rasulpur in Sitamarhi district, and later joins the river Burhi 
Gandak near village Barna in the district of Samastipur. It has a drainage 
area of 6,320 sq.km. in North Bihar and a length of 396 km. The waters of 
Bagmati carry vast amounts of silt which, when deposited through floods 
in the nearby area, increases the fertility of land. 
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The Kosi 
The river Kosi or 'Kausika' of the legends is the widest and the 
most uncertain among the Indian rivers^'. This rises in the Himalayan 
region of Nepal. It is formed by a confluence of three streams, namely, the 
Sun Kosi, the Arun Kosi and the Tamur Kosi. With a length of 468 km., it 
has a drainage area of 74,500 sq. km. of which 11,070 sq.km lie within the 
countiy. The river enters Indian territoiy about 25 km. to the south of 
Chatra gorge. It is most notorious for changing its course and there is 
perhaps no river in India which changes its course so frequently as Kosi^^. 
It has a tendency to change its course generally to westwards. During the 
last 200 years, the river has shifted its course westwards for a distance of 
about 112 km. and has laid waste by depositing coarse silt extensive tracts 
of agricultural land in the districts of Darbhanga, Araria, Kishanganj, 
Purnia, Madhepura, Saharsa and Katihar. A barrage has been constructed 
at Hanumangarh for preventing the river moving out sides and for storing 
water for irrigation purposes. Two canals take off on either side of the 
river and irrigate about 1.04 million hectares of agricultural lands. 
River Kamla rises in the Mahabharat range of hills in Nepal at an 
elevation of 1,200 m. It receives many tributaries of which the Chandala, 
the Jawakhola and the Thakur are important. After flowing for about 50 
km. in Nepal it enters in India near Jayanagar in Madhubani district. The 
river, thereafter, is known as Kamla-Balan and flows in a southeasterly 
21, Ahmad. E., Hwangho of Bihar, Aligarh Magazine, Aligarh, 1946-47, p. 105. 
22. Pande\, M.S.. The Historical Geography and Topography of Bihar, Patna, 1963, 
pp. 62-63. 
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direction until it joins the river Kosi on the border of the Darbhanga and 
Saharsa districts. 
The Mahananda 
River Mahananda rises in the Mahaldiran hills of the Himalayas 
in the Darjeeling district of West Bengal at an elevation of 2,100 m. The 
river enters in North Bihar plain in the northeastern district of Purnia and 
after covering a distance of 376 km. finally leaves the area at the eastern 
tip of Katihar district. On its later jomney the river passes through West 
Bengal and joins the river Ganga at Godagiri. 
C. UNDERGROUND WATER 
As the alluvial tract of North Bihar plain forms a part of the 
central Gangetic Basin where unconsolidated sediments have been 
deposited over the undulating surface of Archean rock. This tract is 
composed of sand, silt and clay materials which make the whole of North 
Bihar Plain except a small patch in West Champaran where the Siwalik 
squd stones are the main formation. The sediments of this region attain a 
greatest thickness of as much as 2,500 m. in the Saran, Vaishali and 
Muzaffarpur districts. These alluvial formations are prolific water bearing 
horizons. Underground water occurs under confined conditions in the 
deeper reaches. In the northern part of the tract, parallel to the Siwalik 
ranges, hydrological situation gives rise to the flowing well conditions. In 
the northern parts, around Begusarai, the confined aquifers exhibit 
considerable salinity. The sediments show a marked increase in percentage 
of granular zones northewards. The Central Groundwater Board, which 
monitors the water level of shallow aquifers, has pointed out that the water 
levels are comparatively shallower (less than 5 m.) in the alluvial tract. 
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In the Ghaghara , the G a n d a k , the Burh i G a n d a k and the Kos i 
sub-bas ins of N o r t h Bihar Plain, the g r o u n d w a t e r level f l uc tua t i ons are as 
f o l l o w s : 
0 3 to 5 10 metres in Ghaghara Basin 
0.79 to 7.00 metres in Gandak Basin 
0.73 to 8.11 metres in Burhi Gandak Basin 
0 65 to 7.52 metres in Kosi Basin^-^ 
The wate r level r ecords f r o m observa t ion we l l s i nd ica t e that 
dur ing the m o n t h s of Augus t and N o v e m b e r large t rac ts o f foo t -h i l l s and 
p la ins of Nor th Biha r have wa te r leve ls w i th in t w o m e t r e s f r o m the 
su r face . The areal extent of the zone wi th w a t e r leve ls w i th in 2 m e t r e s 
b e l o w g r o u n d level dur ing d i f f e r en t m o n t h s is g iven in Table 1.1. 
Table 1.1 
Extent of Groundwater Level in North Bihar Plain 
Dis t r ic t Geograph ica l 
Area (km^) 
Area l Ex t en t of the z o n e wi th 
w a t e r t ab le wi th in 2 mgl (km^) 
in d i f f e r en t m o n t h s of the yea r 
Aug. Nov. Jan. Apr. June 
Champaran East 3968 330 150 - - -
Champaran West 5228 450 550 - - -
Darbhanga 2279 100 - 25 50 -
Gopalganj 2033 - 500 - - -
Katihar 3057 50 - - - -
Madhubani 3501 200 - 350 - -
Muzaffarpur 3172 150 - - - -
Purnia 7943 1200 1470 300 400 400 
Saharsa 5900 2000 1570 1000 1180 1300 
Saran 2641 665 1400 - - -
Sitamarhi 2643 800 - 60 - -
Si wan 2219 85 200 - - -
Source Waterlogged Areas in India, Unpublished Report of Central 
Groundwater Board, New Delhi, May, 1984, pp 12-14. 
23 Waterlogged Areas in India, Central Groundwater Board (Unpublished), New 
Delhi. Ma>. 1984. pp. 12-14 
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Table 1.1 indicates, that the districts of Saharsa,West Champaran, 
Gopalganj, Purnia and Saran have substantial areas where underground 
water table remains below 2 m. during the months of August and 
November. These areas can pose problems for rabi crops due to a 
progressive rise in water table as a consequence of surface irrigation. In 
the districts of East and West Champaran, Darbhanga, Madhubani, 
Samastipur, Muzaffarpur, Sitamarhi and Vaishali, most of the area is 
underlain by alluvium of recent origin extends down to a depth of 130 to 
140 m. The alluvium comprises of a succession of sand beds of vaiying 
texture mixed with silt and clay with occasional kankar. Underground 
water occurs in the shallow aquifers. The water table is normally 2 to 6 m. 
below ground level in winter and 2 to 8 m. in summer. 
The area lying in the Kosi sub-basin is underlain by alluvial clay, 
sand and silt of recent origin. In the western part of the basin, underground 
water occurs under semi-confined conditions, whereas, in the eastern part, 
where sand beds persist vertically and laterally underground water occurs 
between 40 and 100 m. below ground level. The use of ground water for 
agricultural purpose is much higher in the region. 
D. CLIMATE 
The North Bihar Plain enjoys a tropical monsoon climate which 
is characterised by a rhythm of seasons produced by the southwest and 
northeast monsoons. The reversal of pressure takes place regularly twice a 
year due to prevalent winds. During the northeast monsoon period, the 
wind blows from west to east, and they are almost dry because of their 
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continental origin. The weather conditions in this season are marked by 
clear skies, low humidity, and extremes of temperature. The pressure 
gradient is gentle and the winds are, therefore, weak. During the southwest 
monsoon period, the winds blow from the east towards west. They are 
oceanic in origin and laden with much moisture. The intense heating of 
the area during this season produces steep gradients owing to which the 
wind blows relatively with a high speed. The associated weather is 
characterised by overcast skies, heavy rainfall and high relative humidity. 
Taking into consideration the nature and direction of these winds, the 
appropriate terms of dry monsoon and wet monsoon are applied. 
The seasonal rhythm of monsoon reversal is the chief 
characteristic of the region, the slightest variation largely controls the 
agricultural operations in the area. The two farming seasons of kharif and 
rabi are associated with the wet and dry monsoons. The dry northeast 
monsoon extends from the month of November to the middle of June, and 
temperature variations between the first four months and the last three and 
half months of the year are so great that they divide this period into cold 
weather season (to include the months of November, December, January, 
and February) and hot weather season (to include the months of March, 
April, May and the first half of the month of June). The cold weather 
season corresponds with the season of rabi crops, while the hot weather 
season is generally dry and rarely permits agricultural operations. The wet 
monsoon season includes the remaining months of the year i.e., from mid-
June to October and corresponds with the kharif season. Thus, there are 
three distinct seasons most commonly recognised in the North Bihar Plain : 
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(I) The cold weather season (November to February) 
(II) The hot weather season (March to mid-June); and 
(III) The season of rains (mid-June to October). 
i. The Cold Weather Season 
With the retreat of southwest monsoon, the region comes gradually 
under a high pressure belt which develops and extends over the plain due to 
continued low temperatures. The prevailing winds blow from west to east 
and their direction is determined by the combined effect of the pressure 
distribution and the presence of lofty mountain ranges of Himalayas. The 
pressure gradients are not enough steep to produce strong winds. The 
breezes are light and have a velocity of about 3 or 4 km/hour during the 
months of November and December, and the days are warm and nights are 
cool. 
It may be seen from Table 1.2, that the mean monthly temperatures 
recorded at the stations of Motihari in the north western part, and Purnia in 
the eastern part, during the month of November are 21.1°C and 20.4"C 
respectively. The mean minimum temperatures in the same month and at the 
same stations are 10.2°C and 9.7°C, while the mean maximum temperatures 
recorded are 32.0°C and 3I.2°C respectively. The lowest temperature 
recorded in the month of Januaiy at Motihari and Purnia are 5.0°C and 4.1°C 
respectively. The mean maximum temperatures for the respective stations in 
the same month are 25.3°C and 26.9°C. By the month of February, 
temperature begins to rise but still remains low as compared to that of 
November (Fig. 1.2). A significant climatic feature of this season is the 
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occurence of fog (locally known as kohra) in the early hours of morning 
which adversely affects the cultivated crops of arhar, peas, gram, rapeseed 
and mustard. 
During this season, the relative humidity remains high during the 
month of November being 75, 74, 72, 69, 69 and 66 per cent at the 
stations of Purnia, Motihari, Muzaffarpur, Bhagalpur, Darbhanga and 
Chapra respectively. The relative humidity never goes below 59 per cent 
in any of the four months at any station. Motihari records 74, 76, 76 and 
65 per cent during the months of November, December, January and 
February respectively (Table 1.3). 
The incidence of rain during the cold weather season is rare, 
irregular and sporadic. It is locally heavy and sometimes associated with 
thunderstorms. The average rainfall in the month of January at Motihari is 
1.63 cm which is relatively high in the cold weather season 
(Table 1.3). The rainfall which is received during this season is beneficial 
to the rabi crops. But the failure or any deficiency in winter rain adversely 
affects the yield of rabi crops in the region. 
Amidst the general fine weather, there occurs some western 
disturbances during the months of December, Januaiy and February. The 
region is benefitted with the small rain when these depressions appear in 
this season. Some of these depressions originate in the Mediterranean 
region and a few comes as far as from the north Atlantic. The rainfall 
brought by these depressions is preceded by a warm weather with light 
southerly or easterly winds and cause a slight increases in temperature. 
The cloudy weather is of temporary nature and lasts for a day or so and is 
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followed by clean skies. Trewartha (1962)^'' considered the course of 
western depressions as that of the presence of a Jet Stream across the 
northern India. These depressions reach at their maximum development in 
this season when the Jet Stream lies south of the Himalayan mountains. In 
rare cases, these cold weather depressions bring with them a phenomena 
of-hailstorms. These hailstorms damage the cultivated rabi crops heavily 
if they occur late in the months of January and February when the flowers 
and immature ears of the plants are bruised badly. If they occur during the 
months of November and December the damage done to field crops by 
them is relatively of low account. 
II. The Hot Weather Season (March to mid-June) 
The hot weather season starts from the month of March when 
temperature begins to rise characteristically resulting in a relative fall in 
pressure and relative humidity.This increase in temperature reaches its 
highest in the month of May which continues through June until the onset 
of southwest monsoon. The mean maximum temperatures at Motihari and 
Purnia in the month of May are 40.9°C and 40.5°C, while the mean 
minimum temperatures for the same stations in the same month are 18.7°C 
and 18.4"C respectively (Table 1.2). The velocity of the wind varies from 
3.4 km/hour to 9.4 km/hour. The relative humidity is generally far below 
60 per cent during the hot weather season. It is important to note, that the 
heat during these months is greater, not only in the western districts but 
also in areas lying along the Ganga river. 
24. Trewartha. G.T.. The Earths Problem of Climates, Madison, 1962, p. 154. 
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In the summer months, hot dry winds locally known as "loo" are 
the regular phenomena and their intensity becomes greater in the months 
of May and June. The most characteristics feature of hot winds is their 
intense dryness and excessive temperature of far reaching consequences. 
Their velocity increases during the afternoon as they blow with violent 
force (till 4 p.m.) in the evening hours of the day, and thereafter their 
force is retarted to such an extent that it seems that they have practically 
disappear from the scene. The humidity on such occasions sometimes falls 
to as low as 2 per cent from noon hours to 4 p.m. Such conditions persist 
until the middle of the June prior to the onset of the southwest monsoon. 
The occurrence of violent storms locally known as 'andhi' is the 
another phenomena of this season which lasts for a short time giving a 
redish-yellow glare to the sunlight especially in the afternoon. Sometimes 
these storms bring a small amount of rain, which is of local nature. 
The rainfall received during this season is sporadic and of short 
duration subjected to greater local variations and very oftenly occur at the 
same hours of the day, and continue for several days in succession. The 
rain sometimes is accompanied with the storms that may often take forms 
of violent squalls. The total rainfall received from these squalls in the 
months of March to May, ranges from 0.6 cm (at Muzaffarpur) to 9.4 cm 
(at Purnia). The month of June sometimes may receive the highest amoimt 
of rainfall, the amount of rainfall received during this month varies at 
Purnia, Bhagalpur, Darbhanga, Muzaffarpur, Motihari and Saran stations 
in the order of 22.7, 18.2, 16.9, 16.6, 19.7 and 11.9 cm respectively 
(Table 1.3). A low humidity high temperatures and cloudless skies in the 
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months of March and April favour the ripening of rati crops. An increased 
speed of wind in the months of April and early May helps much in 
threshing, and subsequently the winnowing of output of cereal crops. 
i n . The Season of Rains (mid-June to October) 
The beginning of the month of June is marked by a more severe 
characteristics of the hot weather season when the scorching heat coupled 
with excessive diyness in the atmosphere becomes intolerable. At this time 
an intense low pressure area develops in northwestern parts of India. As a 
result, the zonal westerlies over northwestern India begin to move 
northward but they are resisted by the presence of mountains. 
Consequently, the Jet Stream which stays south of the mountains at about 
30"N latitudes during the winter tends to alternately disappear and then 
reappear again south of the mountains. This disappearance is associated 
with the northward advance of the summer monsoon. Finally in late May 
or early June, the Jet Stream disappears completely from northern India 
and takes up a position at 40°N to the north of the Himalayas. At the same 
time, there occurs a northward movement of the low pressure trough from 
85°E to 75®E over western India. With the disappearance of Jet Stream 
over northern India and a northward shift of the trough, monsoon winds 
enter the plains.^^ 
These moisture laden winds bring an abrupt change in the 
weather and a sudden fall in day temperature. The atmosphere becomes 
cool and pleasant. The mean minimum temperature ranges between 21. ]°C 
2 r I b i d . p 159. 
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and 23.3"C and mean maximum between 42.5°C and 38.2°C. The mean 
monthly temperatm-es during this month ranges from 32.9°C to 28.7®C in 
North Bihar Plain. 
Each of the mean minimum, mean maximum and mean monthly 
temperatures gradually drop from June to the end of September. Relative 
humidity records 48 to 85 per cent from May to July. A comparison of 
relative humidity at different stations shows that in each of the month from 
July to October it remains generally high (Fig. 1.3). In July at Motihari, it 
recorded as 83 per cent and at Purnia, it was 85 per cent. At all stations it 
is highest in the months of July and August which is the period of growth 
of kharif 
RAINFALL - RHYTHM 
The rainfall rhythm of the North Bihar Plain is well marked by 
the concentration of rainfall during the months of mid-June to September. 
The remaining months of the year are marked by the diy conditions except 
the months of January and February which receive a small amount of rain 
through the western depressions. The rainfall received during the period 
from June to September is copious because the two main currents of the 
monsoon, i.e., of Bay of Bengal and Arabian Sea after meeting in central 
India reach here with an increasing force. The intruption of the Himalayas 
bring about heavy rainfall in the immediate neighbourhood of the southern 
Himalayan slopes. It may be seen from the Fig. 1.4, that the eastern districts 
namely, Kishanganj, Araiia, Katihar, and Pumia receive the highest rain. The 
rainfall recorded in these districts amounts to more than 150 cm. The 
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northern parts of the Plain receive rainfall between 140 and 150 cm. The 
rainfall between 120 and 140 cm is received in the central and southeastern 
parts of the region. The districts of southwestern parts received very low 
rainfall with the index value below 110 cm. It may be observed from the 
figure that the rainfall decreases from east towards west and also from north 
towards south. 
It is seen from Table 1.3 that about 86 per cent of the total rainfall 
is received during the period from June to September, whereas only 3 per 
cent is received for the months of November to February. 
The period of wet monsoon does not constitute a continuation in 
rainy days, but the continuation of rainy days is altered with the spells of 
fine and pleasant weather, which are very much advantageous for the 
kharif cxoTgs,. These spells of fine weather do not last for many days and 
are produced by "a shoulder of the high pressure" which embraces the 
whole region by pushing the axis of low pressure of northern India 
towards the foothills of the H i m a l a y a s . T h e rainless period with clear 
sky is most welcomed to the farmers of the region because the continued 
rain with cloudy sky not only damages the crops but also intrupt the 
agricultural activities. 
E. SOILS 
The soils of North Bihar Plain are thick cover of alluvium 
deposited for ages over Siwaliks and old Tertiary rocks. These drifted 
alluvial soils are relatively young, and constantly rejuvenated, by the 
26 Blandford. H.F.. The Rainfall of India. Indian Meteorological Memoirs. Vol 3. 
1886-88 . p. 217. 
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depositor! of silt and sand, through numerous Himalayan streams. They are 
deficient in phospheric acid, nitrogen and humus, but rich in potash and 
lime-'. 
The soils of the area may be grouped into 3 broad categories: (I) 
Swampy soils; (II) The Gangetic Alluvium; and (III) Calcareous soils. 
I. Swampy Soils 
These soils are found in a narrow belt of Tarai in the north of West 
Champaran district and belong to the sub-montane region. This tract is 
characterised by excessive moisture not only because of much rainfall but 
also by reasons of continuous seepage of water from the slopping pebble 
zone immediately on its north. These soils remain much saturated during the 
monsoon months and fairly moist during winter due to the presence of high 
level of underground water-table. The soils are mostly clay or dark grey 
colour. Being clayey in nature and highly retentive of moisture they are 
therefore, most suitable for the cultivation of rice crop^^. 
II. The Ganga Alluvium 
The Ganga alluvium covers a vast area along the banks of rivers 
namely, the Ganga, the Gandak and the Kosi. The soils of this group are 
generally light textured, light grey in colour and moderately alkaline in 
reaction with medium to high fertility status. The alluvium is mostly loamy 
in texture although sand and clay proportions vary from place to place. 
27 Royal Commission on Agriculture in India. 1928. p. 72 
28 Ahmad. E . A Physical. Economic and Regional Geography, Ranchi. 1965. p. 60. 
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Saltpetre or potassium nitrate is a natural formation in the soils 
found in the western districts of North Bihar Plain. The alternative warm 
and humid climate of the region offers most favourable conditions for the 
accumulation of this salt in the sub-soil. Large amount of animal and 
vegetable refuge gathered around the villages is decomposed into amonia 
and other nitrogenous substances. These are acted upon by certain kinds 
of bacteria (nitrifying bacteria) in the damp hot weather, with the result 
that at first nitrous and then nitric acid is produced in the soil. This nitric 
acid readily acts upon the salts of potassium with which the soil is 
impregnated on account of large quantities of wood and dump ashes. The 
nitrate of potassium, thus, produced is dissolved by rainwater and 
accumulates in the sub-soil, from which salt re-ascends to the surface by 
capillary action in the period of desiccation which is followed by the rainy 
season^'\ Large quantities of nitre are, thus, left as saline efflorescences 
on the surface along with some other salts such as chlorine of sodium and 
carbonate of sodium^". 
The general monotony in the appearance of the alluvium leads to 
the misconception that it is homogenous while, as a matter of fact, the 
varying conditions of environment have imparted to them marked 
variations from place to place. The content of lime varies greatly from a 
high percentage in the western parts to a veiy low amount in the eastern 
parts. The sub-soils are not uniform in texture but consist of well defined 
layers varying from pure sand to heavy clay. Variations in the fertility of 
29. Ibid. p. 62. 
30. Wadia. D.N., Op.at., p. 364. 
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soils from place to place especially, in the east (where the rainfall is the 
heaviest) are not so much due to differences in the surface soil but may be 
due to varying capacity of moisture retention. The pH value of these soils 
varies from nearly neutral (7 pH) to alkaline (8 pH) in calcareous zones 
and alkaline to acidic (6pH) in the non-calcareous zones of Saharsa. 
The Ganga alluvium is of two types : 
(i) Older alluvium or bhangar; and 
(ii) Newer alluvium or khadar 
(i) The older alluvium or bhangar is found at some distance away from 
the main rivers. It is heavier with greater clay proportion than khadar. The 
bhangar of North Bihar Plain generally lies between the higher levels of 
streams in lowlying interfluves and is inundated by waters during the rains 
through spill channels which cut through the levees. Bhangar land forms 
typical paddy area of North Bihar Plain. It contains much lime and kankar. 
This group of soil occupies a vast area of the East and West Champaran, 
Sitamarhi, Madhubani, Darbhanga, Araria, Kishanganj, Purnia, Supaul, 
Madhepura districts. It also occurs in the district of Muzaffarpur, and in 
the northern parts of Bhagalpur and Khagaria districts, and a small patch 
in Begusarai district. 
(ii) Newer alluvium or 'khadar' is different from older alluvium or bhangar 
in terms of texture and chemical composition. Soils comprising the newer 
alluvium are grey to ash grey in colour, and clay loam to clay in texture. It 
is generally found along the banks of rivers and streams, is highly leached 
form, low in humus and nitrogen and poor in lime content. It is found 
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along the river Gandak in the districts of East and^W.est Champaran, 
Muzaffarpur and Vaishali and in a narrow belt along the Ghaghara river in 
Saran district.lt covers the largest area in Kosi region. This soil is suitable 
for the cultivation of sugarcane, paddy and a few rootcrops. The entire 
Saharsa district is occupied by clayey soils. The soils of this area are low 
to medium in fertility, and are devoted to paddy and jute cultivation. The 
clay belt merges to loamy soils in the east and sandy loam soils of the 
Kosi belt. 
III. Calcareous soils 
Calcareous soils occur in the Tirhut division of northwestern Bihar 
Plain. This belt of soil roughly corresponds with the hhangar area of the 
districts of Gopalganj, Siwan and Saran and also the khadar tract of the 
Gandak river in the Champaran (East & West). This soil is well developed 
and occupies the whole of Muzaffarpur and the western part of Darbhanga. 
The presence of bed of khadar kankar nodules is a common feature in'the 
sub-soil. The clay has not undergone any marked translocation from surface 
to lower layers and a retarted leaching has led to the accumulation of 
calcium carbonate which is present even in the surface soil. Calcareous soil 
is more useful for lichi {Litchi chinemis) plants which are grown in the East 
Champaran, Vaishali and Muzaffaipur districts.This soil is highly rich in lime 
content. 
SAapl&i^ - 2 
I M I T I l ^ 
Tlie cultivation and growth of crops is determined by the combined 
influence of physiological, economic, social and technological factors. No 
crop can attain a place in the cropping system in any area unless it exhibits a 
certain degree of adaptation to the external conditions. They respond to their 
environment and tiy to maintain an equilibrium v/ith the climate and soil. The 
climate and soils are responsible to limit the growth of plants. For instance, 
adequate rainfall and the sufficient duration of sunlight is ideal if the 
temperature of an area is too low to allow the growth of plant. In this respect 
temperature acts as a limiting factor. Odum quotes, "often times a good way 
to determine which factors are limiting to organisms to study their 
distribution and behaviour at the edges of their ranges. In such marginal 
situation one or more environmental factors may undergo sudden or dramatic 
change, thus setting up a natural experiment which is often superior to 
laboratory experiment, because factors other than one under consideration 
continue to vaiy in a normal manner instead of being 'controlled' in an 
abnormal constant manner"'. Therefore, relationship of ecology and crop is 
of concern. 
A. CONCEPT OF ECOLOGY 
Nature in its diverse ecological sphere offers diverse earth units 
with completely different possibilities of utilization (Visher, 1972)^. Thus, 
efforts are needed to investigate the agro-ecology of a region to meet the 
evergrowing human needs in harmony with the ecology. Ecology, in a very 
1 Cited b}- Hussain, M. Ecology and Environment, New Delhi, 1994. p. 99. 
2 Vishcn S.S.. Recent Trends in Geography. Scienrific Monthly. Vol. 35. No. V. 
1972. p 4.39. 
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^ n p l e term, studies the interdependent, mutually reactive and 
interconnected relationships between the organisms and the environment on 
the one hand and among the organisms themselves on the other. Though the 
term oecology (oekologie or oecologie) was first coined and used by the 
German biologist Ernst Haeckel (1869)^, a few conceptual terms were 
already proposed to reveal relationship between organisms and their 
environment. A French zoologist, Isodore Geoffroy St. Hilaire (1859) used 
the term 'Ethology' for the study of the relations of the organisms within the 
family and society in the aggregate and in the community"'. Almost at the 
same time an English naturalist St. George Jackson Mivart proposed the 
term 'Hexicology' for the study of the relations which exist between the 
organisms and their environment as regards the nature of the locality, the 
temperatures and the amounts of light which suit them, and their relations to 
other organisms as enemies, rivals, or accidental and involuntary 
benefactors^. 
Since Haeckel's time the term ecology has been defined in various 
ways by different scientists placing different degrees of emphasis on the 
components of nature and their interactions. 
Ecology, to a great extent, concerned with the habitat, and is 
consequently termed as habitat biology. A habitat refers to the sum total of 
all external conditions affecting the development, spatial response and 
3. Singh, S.. Environmental Geography. Allahabad, 1991. p. 38. 
4. Dhaliwal. G.S. and Kler, D.S.. Principles of Agricultural Ecology, Delhi, 1995. 
p. 3 
5. Ibid 
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growth of crops. Since the term habitat was first used by botanists and 
specially by ecologists, it is best to apply it to the description of the 
physical conditions influencing the distribution and growth of crops as 
contrasted with social environment which deals with the influence of a 
variety of factors other than those concerned with the direct growth 
requirements determining the distribution of crop plants (Klages, 1942)''. In 
the words of Paul A. Colinvaux (1973), ecology is invented to convey the 
idea of the study of animals and plants in relation to their habits and 
habitats^. 
According to Jordon (1975), an adequate definition of ecology 
must specify the unit of study that is unique or basic to ecology and such a 
basic unit, obviously, is the 'ecosystem'. Thus, ecology deals with as "the 
study of ecosystem". An ecosystem is an integrated unit, consisting of 
interacting plants and animals whose survival depends upon the maintenance 
of abiotic as well as biotic functions and structures. The basic and most 
important concept of an ecosystem is that everything is related to another 
thmg else and such relationships include interlocking functioning of 
organisms among themselves as well as with their environment. 
The agricultural ecology is defined as 'the study of the physical 
characteristics of environment, climate and soil in relation to the yield of 
crops from the quantitative, qualitative and generative points of view 
(Azzi, 1956)^. Recent concept of agricultural ecology is that it is, "the study 
6. Klagcs. K.H.W., Ecological crop Geography, New York, 1954, p.73. 
7. Conlinaiix. P.A., Introduction lo Ecology, New York, 1974. 
8 Azzi. G., Agricultural Ecology, London. 1956. p. XIII. 
47 
of optimization of agricultural production with least deterioration of natural 
resources and environment". Crops like other plants have distinct ecological 
preferences of altitude, climate, soil, photoperiod at different stages of life 
cycle, but they can usually be grown over a wider range of environments. 
4 
In the present work, the ecological parameters have broadly been 
classified into two categories : climatic parameters; and edaphic parameters. 
The climatic elements upon which crop growth depends are 
temperature, rainfall and duration of sunlight. All crops have certain 
threshold limits of the climatic elements beyond which they do not grow 
normally but mere breeding. 
The edaphic factors are related to soil characteristics, i.e., soil 
texture, profile, humus, nutrients, etc. All of these factors have a role in the 
growth and development of crops. Soil acts as the medium of moisture 
supply which crops need during the period of growth. Before making certain 
explanation we should have some idea about the certain laws which operate 
in plant growth and development. 
B. CARDINAL POINTS IN THE GROWTH OF CROPS 
All plant activities operate within certain well-defined limits. A 
seed cannnot germinate and a young seedling is incapable of development 
unless the environment provide certain amount of temperature, moisture, 
oxygen, carbon dioxide and mineral nutrients. There are three stages of the 
requirement in the life and growth of a plant i.e., minimum, maximum and 
optimum which are said to be the cardinal points of vital activity. The 
minimum and maximum are the range of tolerance, below and above which a 
ciop can not survive. 
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Tolerance is a kind of resistance characterised by the host ability 
to withstand or repair the effects of infections of a pest that would cause 
economically significant damage to a susceptible host. Somewhere between 
minimum and maximum limits, a crop shows the highest rate of activity or 
responds best, such a point is known as optimum condition for that crop. 
Pfeffer (1903)'^ recognised that "the cardinal points can never be determined 
with more than the approximate accuracy, since their position is involved by 
the external conditions, by the duration of exposure, by the age of plant, and 
by its previous treatment." 
The activity of separate environmental factors such as temperature 
above the maximum will sooner or later result in a cessation of all 
manifestations of life. Benecke and Jost (1923)'® have attempted to show 
the effect of length of exposure to given temperatures on the location of the 
optimum condition. The rate of activity of Lepidium Sativum exposed to the 
temperatures indicated for intervals of 3.5, 7, and 14 hours was measured by 
the increases in the length of the roots. A short exposure of 3.5 hours 
showed an optimum temperature at 30°C. With the doubling of the time 
interval the optimum was found at 29°C, and when the period of exposure 
was lengthened to 14 hours, the highest rate of activity was at 27.2°C. 
In short, the living organisms are influenced by the environment in 
a number of ways. These environmental or ecological factors govern the 
survival and growth of life cycle. The distribution of plants cultivation is 
also influenced by the factors of environment. The responses of the 
9. Pfeifer. W.. The Physiology of Plants, Vol. 2. O.xford. 1903. 
10. Bcnecke. W. and Jost, L., Pflanzenphysiologie, Vol. 2, Jena, 1923. 
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organisms to their environment are governed by the following ecological 
laws : 
I. Liebig's Law of Minimum 
A German botanist Liebig (1840)' ' proposed that the essential 
material available in minimum amounts most closely approaching the 
critical minimum would tend to be limiting, a concept that is known as 
Liebig's law of minimum. It shows, that the growth of plant is dependent on 
the amount of nutiients that are available in minimum quantity. Therefore, he 
came to the conclusion, that the growth of plant is limited by the essential 
nutrients which are in short supply in relation to the needs of the plant. In 
other words, if any essential nutrient is present only in minimal quantity in 
relation to the needs of the plants, the growth of the plants would be 
restricted to the minimum. 
Liebig, visualised primarily in terms of light, temperature, 
nutrients and essential elements. He tried to explain the absence of some 
plants in shaded areas or lack of vegetation above certain altitudes in the 
Alps. He gave justification of plant distribution in terms of inadequate light, 
temperature or nutrients. He suggested, that the crop yields are not often 
limited by nutrients they are in abundant supply, such as carbon dioxide and 
water,but by others which are needed in minute quantities and are in short 
supply, such as zinc. Although the general concept of Liebig's law has been 
well accepted, but it has also been criticised, as he did not attempt to 
develop the concept at length, that they might be too much of these factors 
11 Liebig. J , Chemist}'}' its Application to Agriculture and Physiology, London. 
1840 
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as well as too little. It is strictly applicable in steady state conditions only. 
Action of some factors other than the minimum one may miodify the rate of 
availability' and utilization. In some plants zinc may act as a limiting factor 
only when grown in sunlight, since these plants require less zinc when grown 
in shade than in full sunlight. 
II. Schiniper's Optima 
Schimper (1903)^^ coined three terms which can be used for the 
purpose of illustrating the reactions of plants to increasing intensities of a 
particular factor of the environment. These terms are the "absolute", 
"harmonic", and "ecological optima". These optima may be taken in a broader 
sense than the previously considered cardinal points and their meanings can 
be expressed as: 
The absolute optima corresponds to the highest degree of activity 
of any one function of a plant such as transpiration or respiration. With 
increasing temperatures upto a certain point, plants allow to transpire at 
given intervals ever-increasing amount of water. Beyond this point, because 
of interference or of the breakdown of certain of the intricate portions of 
the organism, the rate of activity decreases sharply. The absolute optimum 
point of activity may, therefore, be defined as that point where limiting 
factors or checks come into activity. 
The harmonic optimum corresponds to the most favourable 
intensity of any one function in relation to the other functions of the plant. 
While transpiration is a necessary function of the plant, an excessive activity 
12 Schimpcr. A.F.W., Plant Geography Upon a Physiological Basis, Oxford, 
1903 
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of this particular or of any other, function would soon lead to the desti-uction 
of the plant. The plant reaches its highest activity at that particular point 
where the rates of activities of the various functions are in harmony with 
each other or at that point where they are properly coordinated. 
The theoretical ecological optimum consists of the summation of 
various harmonic optimum. While locating the average point of ecological 
optimum, it is necessary to consider the relative importance of the various 
functions of the plant in their relation to the growth and behaviour of the 
entile organisms. Because, it is difficult to give the exact location of the 
summation of the various harmonic optima or the exact location of the 
ecological optimum. 
III . Shelford 's Law of Tolerance 
Shelford (1913)'-^ initiated the concept of limiting factors to 
include the limiting effect of maximum as well as minimum. He proposed 
that, a factor may be limiting not only at low quantities, but too high 
quantities of the factor may also be detrimental to the growth and 
development of the organism. Thus, any environmental factor which is below 
the critical minimnm or well above the critical maximum would limit the 
growth of organism in a given area. This is known as Shelford's Law of 
Tolerance, 
Organisms have ecological maximum and minimum requirements 
for each environmental factor. These are the limits of tolerance for the 
organism with reference to that factor. Various environmental factors do not 
13 • Shelford. V.E., Animal Conmmnities in Temperate America, Chicago, 1913. 
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influence the organisms independently. The effect of one factor is modified 
by the other and hence the organisms respond to the totality of the 
environment. According to the Law of Tolerance, ever>' environmental factor 
has two distinct zones: (i) a zone of tolerance, and (ii) a zone of mtolerance. 
(i) A Zone of Tolerance 
This zone is favourable for the growth and development of 
organisms. It is composed of three parts : 
(a) Optimum zone 
This zone is the most favourable to the organisms where growth 
and development are maximum. 
(b) Critical minimum zone 
This is the minimum limit of any environmental factor beyond 
which the growth and development of the organism ceases. 
(c) Critical maximum zone 
This is the maximum limit of any environmental factor beyond 
which the organisms usually cease their normal activities. 
(ii) A Zone of Intolerance 
This zone is well below the critical minimum and above the critical 
maximum. This zone is unfavourable for the growth and development of the 
organisms and they cannot survive and tolerate for a long period. 
C. ECOLOGICAL PARAMETERS OF CROPS 
It is clear from the Liebig's law of optimum, and Shelford's law of 
tolerance, that all the crops have some minimum and maximum requirements 
of ecological factors for their growth and development, while below and 
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above of these cardinal points of requirements, the crops suffer badly. At the 
same time somewhere between these cardinal points, a situation exists 
w])ere the crops respond best or optimum. Since so many parameters are 
involved in the growth of a plant, it is very difficult or almost impossible to 
findout the cardinal point of one parameter because all the parameters are 
dependent on each other. But rainfall, temperature and characteristics of soil 
are of immense importance which are required (in different quantities) at 
different stages of their life cycle. A brief account of requirements of 
ecological parameters for some crops are given below. 
I. Climate Parameters 
Climate is quite significant that determines the agricultural land 
use and agricultural patterns of a region. It consists of temperature, rainfall, 
humidity, sunshine, length of growing season etc. All these elements of 
climate, individually and collectively, determine the agricultural patterns of 
a region. 
i. Temperature 
The importance of temperature to plants and crops is universally 
recognised. At eveiy stage plants require a complex of outer conditions, 
most important of which is the temperature. The requirement of temperature 
of the plant varies depending on what development stage is involved. In the 
initial stages of development, winter crops need temperatures in the vicinity 
of 0°C, this is when they are in the vernalization stage. I.S. Shatilov^"^ pointed 
out, that perenial grasses and winter wheat carry out intensive photosynthesis 
14 Cited b>' Vitkerich, V.I., Agricultural Meteorology. Israel Program for 
Scientific Translation, Jeruslem. 1963. p. 180. 
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at negative temperatures. The intensity of photosynthesis, in fact, 
characterizes the frost resistance of the plants. Further growth and 
development is intimately related to temperature pattern. An increase in 
temperature, increases the rate of growth and development, at low 
temperatures, on the other hand the growth of plants is restricted. 
When plants are exposed to negative temperatures, the moisture in 
the cells and inter-cellular spaces freezes. As they grow, the ciystal of ice 
suck moisture from the cells. Since the protoplasm loses water the cell sap 
gradually becomes more concentrated, and ice crystals increase their 
pressure against the cell walls. Together these processes lead to congulation 
of the celloidal constituents of the plasma, which losses its permeability. At 
the next thaw plant is dead. High temperatures accompanied by very dry air 
and resulting evaporation have a deti-imental influence on plant and especially 
on grain formation. The normal flow of nutritive substances from the leaves 
to the maturing grain is interupted and so called "grain clamp" with associated 
decline in yields ensues. The intensity of "clamp" is proportional to the 
amount of leafy surface present at the beginning of drought. It therefore, 
follows that hot diy weather is particularly destructive when following upon 
a warm moisture sping with good development of the green mass. 
Maisuryan'^ has shown that air temperature considerable 
inlluences full ripening of the fruit. At high storage temperatures 
(15-25°C) ripening of fruits proceed at a faster rate and a maximum specific 
weight is attained much sooner, at low temperatures, on the other hand, full 
ripening is slow, the specific weight of fruits is very low and changes slowly. 
15 Ibid 
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All aspects of temperature co\t3;tions - mean tem^^atm-e of the 
entire growing season and of each phase perioti-aHd-temperature extremes 
affect plant growth and development. 
Temperature influences the rate of chemical reactions and hence 
impinges upon a plant's physiology. Photosynthesis rates increase throughout 
a wide range of temperatures above the freezing point, but so also do 
respiration rates. Air temperature determines the transpiration rates, while 
lethally high temperature may destroy enzymes and plant tissues. In areas 
where temperatures become lethally high or low or where the correct annual 
or diurnal temperature cycle does not provide for a specie's ontogeny, it will 
be unable to survive for an extended period. 
The cultivation of rice is best suited to regions of high 
temperature. A temperature range of 20° to 37.5°C is required for optimum 
growth of rice crop. High temperature is needed for tillering the growth. At 
the time of blossoming, the temperature requirements ranges between 
26.5"C and 29.5°C. Maize requires considerable warmth from germinaton to 
flowering. The most suitable temperature for germination is 21"C and for 
growth is 32"C. Extremely high temperature and low humidity during 
flowering of the plant damages the foliage, desiccate the pollen and interfeie 
with proper pollination, resulting in poor grain formation. 
Wheat is sown in rabi season which requires from ]4°C to 15"C 
an average temperature at the time of ripening. During the growth and 
flowering stages, excessive high or low temperatures are harmful. Cloudy 
weather, with high humidity and low temperature is condusive for rust attack. 
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At the time of harvesting high temperature is ideal. An early onset of 
summer reduces the growing period, hastens the maturity and reduces the 
yield. Severe cold and occurrence frost is also injurious to yield. 
Sugarcane is a tropical crop and thus its cultivation is best suited 
to North Bihar Plain. Temperatures above 50°C ceases its growth, those 
below 20"C are responsible to slow down its growth. Low temperature 
reduces its tillering. An average mean temperature of 26° to 32"C is best 
suited for the growth and development of sugarcane. It requires a long 
growing season of ten to twelve months because certain number of heat units 
are required to bring the plant to maturity. 
Potato is a cool season crop. It thrives best in cool regions with 
sufficient moisture. Satisfactory tuber growth occurs if soil temperatures 
are in between 17°C and ]9°C. High soil temperatures adversely affect the 
tuber development. Tuber development virtually stops if temperature rises 
above 30"C. At higher temperatures, the respiration rate increases, and the 
carbohydrates produced by photosynthesis are consumed rather than stored 
in the tuber. High temperatures at any part of the growing period affect the 
size of the leaflets, thereby, reducing the tuber formation. 
Jute (Corchonis) thrives best with hot and moist conditions and is 
well adapted to the tropical climate mainly of the eastern parts of the North 
Bihar Plain. It grows best on fertile loamy soils, and in damp hot climate 
with a heavy rainfall. Intermittent rains with bright days during the sowing 
season are best suited to the crop. Well-drained soils are considered ideal to 
it but the good quality jute grows in fields that are not frequently flooded. 
The best jute fibre is obtained from a crop sown on loamy soils, whereas the 
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clayey soils give the highest yield, and on sandy soils the fibre of the plant 
is of coarser variety. 
Temperature is far less inconsistent from year to year than rainfall, 
but in North Bihar Plain great annual range of temperature is highly 
significant giving rise to two cropping seasons, namely, A;/?an/'(summer) and 
rahi (winter). In between two seasons, there is zaid season (intervening). 
During this season a wide range of crops are grown in the region. 
An air temperature of 6°C is characterises as crucial (Schimper, 
1903) because the active germination and growth both of a plant begins to 
take place for c r o p s T h e climatic elements of greatest significance to 
agriculture are temperature and moisture. Temperature conditions express 
the amount of energy in the environment available for the conversion of 
minerals and moisture into plant tissue (Watts, 1967)'^. The indicators of 
regional differences in temperature are the length of growing season and the 
accumulated temperature above the minimum for plant growth (Coppock, 
1971)'^. In North Bihar Plain the length of growing season and temperature 
throughout the year are favourable for crop husbandry because the 
temperature is above the convectionally accepted threshold temperature, 
which is evident from the figures indicating temperatures for different 
stations shown in Table 1.2. 
Table 1.2 shows a wide range of temperature conditions over the 
region. The large temperature ranges are due to the magnitude of the region. 
K). Schimpcr. A.F.W., Op.cit.. p. 266. 
17 WaUs. F.B., Climate. Vegetalion. Soil in Canada : A Geographical 
Inierpreialion. London. 1967, p. 79. 
18. Coppock. J.T.. An Agricultural Geography of Great Britain. London, 1971, 
p. II . 
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The change from warm to cold season is a fundamental feature of the climate 
which allow to grow a variety of crops in North Bihar Plain, with or without 
water supply through irrigation because the growing of crops is never 
restricted by cold conditions. 
ii. Light 
The source of energy on earth is the solar radiation which reaches 
its surface in enormous amount. Solar energy lies at the root of all physical 
and chemical processes and a number of phenomenon taking place in nature, 
either organic or otherwise. Schimper (1903)''^, emphasises light as next to 
moisture, the most important environmental factor determining the 
formation of plant structure. Both water and light provide actual materials 
essential to the building up of the structures of plants, while temperature, 
piovides necessary working conditions. 
Light exercises considerable influence on all the main 
physiological processes of plant. The formation of chlorophyll in plants 
takes place under the influence of sun's rays. Solar radiation affects plants in 
two ways ; it is the energy source for the photosynthetic reaction and it 
promotes an increased transpiration. Other physiological responses are 
chlorophyll formation, photoperiodism and seedling. 
Plant feeding - the assimilation of carbon from the carbon dioxide 
in atmosphere is called photosynthesis or assimilation which takes place at 
the expenses of the energy received by plants from the sun, absorption of 
this energy is carried out by chlorophyll grains. Transpiration of water from 
plants on huge amount also takes place at the expense of solar energy. 
19 Schimpcr. A F.W. 1903 
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Solar radiation is also responsible for differentiation in plant 
tissues, when the incidence of light is insufficient tissue differentiation is 
poor, which may lead to low resilience of straw in cereals. The plant may, 
therefore, be incapable of standing themselves against the strong winds. 
Lodging of cereals seriously hampers harvesting and results in a loss of 
yield, light particularly the short ultra-violent and blue-violet rays retard the 
growth of plants, as a result plants grow more rapidly during the night hours. 
Good lighting is an important condition for the normal development of 
crops. 
Light exercises a considerable influence on the chemical 
composition of plants. The sugar content in cane depends on the number of 
hours of light in sunny days. More sunny days, produce a higher sugar 
content. The quality of crops also depends on the amount of solar energy 
received by the plants during the growing seasons : the more the energy 
received, a higher quality is achieved. 
Light affects the daily and seasonal rhythm of plants in a number of 
ways. There affect depends on the intensity of light, quality and the duration 
of light hours. 
a. Intensity of Light 
The intensity of light plays a leading role in determining the growth 
of crops. With inadequate illumination plants do not thrive, they become 
etiolated and undergo degeneration or may die. The rate of photosynthesis in 
plant leaves increases linearly with increasing light intensity upto optimum 
i.e., light saturation level. In most cases, there is a decrease in 
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photosynthesis beyond this level. At high intensities, synthesis is reduced by 
photo-oxidation of enzymes and the photosynthate is used by rapid 
respiration. The plants well supplied with moisture and necessary nutrients 
are able to utilize more radiant energy than they grow in unfavourable 
environment. 
b. Quality of Light 
The term qualit}' of light is used with reference to the composition 
of light in relation to its effect on crop plants. The photosynthesis process 
does not utilize all wavelength equally, being especially active with 0.6 to 
0.7 um (red) and 0.4 to 0.05 um (blue) wave bands. The chlorophyll 
formation, photoperiodism and seedling responses in the red wave lengths 
and phototropism in the blue wavelengths. The infra-red containing more 
heat is also weakly absorbed, hence the plants are saved from the deadly 
affect of high temperatures. 
c. Duration of Light 
The development of plants depends not only upon the intensity of 
light but also upon the duration of light to which they are exposed. The 
reaction of plants to the length of the day is called 'photoperiodism'. The 
short day plants include millet, sorghum, rice, sunflower, maize, tobacco and 
cotton. When these plants are grown in longer days, their blossoming is 
retarted or absent and they develop excessive green bulk. The plants 
belonging to long day include oat, barley and wheat. 
In North Bihar Plain adequate light is available throughout the year. 
During kharif season the length of day is longer than the rabi season. 
Therefore, a variety of crops are grown in the region. 
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lii. Rainfall 
Rainfall is a very important factor in agriculture. It is the principal 
source of the soil moisture reserves which in turn are the only source of the 
water required by crops. Deficiency or absence of rainfall causes the 
ploughed horizon to dry up, hampers the supply of moisture to plants, 
damages the plants and reduces the yield. Robbins (1927)^" states that, 
"vv'ater is the chief limiting factor in the growth of most crops, there is ample 
sunshine, and the abundance of oxygen and carbon dioxide in the air, the 
temperture of air and soil is seldom seriously unfavourable, as a rule, there 
are sufficient nutrients in the soil, but the farmer, except in the rainear parts 
of the country, usually face sometimes a shortage of water." 
Warming (1909)^^ concluded that, "the ecological importance of 
water to the plant is fundamental and almost surpasses that of light or heat." 
He further mentioned that, "it is not surprising that no other influence 
impresses its mark to such a degree upon the internal and external structures 
of the plants as does the amount of water present in the air and soil (or 
medium), and that no other influence calls forth such great and striking 
differences in the vegetation as do differences in the supply of water." 
Schimper (1903)^^ also emphasizes strongly the manifold influences of 
water on the expressions and appearance of plant life by stating that "no 
factor affecting plant life is thoroughly clear as the influence of water." 
20. Robbins. W,W.. Principles of Plant Growth. New York. 1927, 
21. Warming. E,. Oecology of Plants, trans. German by P. Groom, and I.B. Balfour. 
Oxford. 1909. 
22 Schimpcr. A.F.W.. Op.cit.. 1903. 
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The internal as well as the external organizations of many plants 
are readily modified by variations in the amount of rainfall. The relative 
abundance of available moisture is intimately associated with the 
diversification of crop production. Abundance of rainfall leads to a wider 
choice for the selection of crops that may be grown by the farmers. Scarcity 
of moistm e favours the development of the more or less hazardous one-crop 
system of production. 
The moisture supply is a major ecological factor influencing 
possible and actual farming systems in North Bihar Plain. A very clear 
ecological change in the type of foodgrains grown is discernible. Wherever 
rainfall is enough rice is the important crop in kharif se?is0n which needs 
water throughout the growing period. While in areas of low rainfall, maize 
and wheat are the dominant crops. Crops can be affected by moisture 
conditions at the time of sowing, germination, shooting, stalking and heading 
and at maturing and harvesting. Moisture is an important factor in all crops 
production. In such areas the systems of crop production must be correlated 
more or less with existing moisture conditions, as a matter of fact, the 
entire programme of crop production is more or less dominated by the 
moisture (Klages, 1954)^^ This is of greater relevance to and even befitting 
in the geographical investigation of the agriculture of North Bihar Plain, 
where high temperatures during a considerable part of the year lead to 
significant moisture losses from soil surface and crop foliage through 
evaporation and transpiration, while at the same time providing adequate 
sunshine and warmth for crop growth throughout the agricultural year. Thus, 
23. Klagcs. K.H.W.. Op.cit.. p 189. 
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it may be asserted that rainfall is the most important climatic factor 
influencing agricultme in North Bihar Plain, as it determines the potential 
of the area in terms of which crop is to be raised, which farming system is 
to be adopted, and in which sequence the fanning operations be followed for 
tlie accomplishment of crop production per unit area." 
II. Edaphic Parameters 
Soils constitute the physical base for agricultural operations. As it 
contains and provide essential materials like mineral nutrients, water supply, 
humus etc. on which cultivation of crops is based. Ratzel, has pointed out 
that 'Jeder staat ist ein Stuck Boden Und Menschheit' (eveiy nation is a bit 
of soil and humanity) (cited by Klages, 1954)^''. 
The variations in soil affect the ability of seeds to germinate, size 
and erectness of the corps, vigour of the vegetative organs, depth of the root 
system, niimber of flowers per plant, an appropriate date of appearance of 
flowers etc. Plant growth and quality is affected by soil's varied characters 
such as the mineral components, depth, structure, texture, drainage, etc. For 
example, rice requires impervious soils. Wheat can not be grown on a well 
drained soil, and it can do well on salty-loam soil. Fertile fields, rich in 
organic matter should be preferred for the cultivation of maize. Gram can 
not be grown on saline and alkaline, and waterlogged soils (Anonymous, 
1992b)2\ 
2d. Ibid., p. 44. 
25. Anoin mous, Recommendations of hiternational Meeting on 'Towards a Second 
Green Rc\'olution' : hi ToM'ards a Second Green Revolution : From Chemical 
to Biological Technologies in Agriculture in Tropics (Ed. Marini-Bcttolo, 
G.B.). Amsterdam, pp. 489-91. 
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The distribution of soils influences the pattern of land use intensity 
and agricultural land use occupance where limited progress has been made in 
the use of mechanical and bio-chemical farm production techniques. Soil 
characteristics, particularly the physical characteristics determine the 
distribution of crops, and the selection of soils to grow specific crops. It is 
generally believed, that poor farming occurs on poor soils. 
i. Texture 
Soil texture refers to the coarseness or fineness of the soils as 
determined by the relative proportions of the various sized particles 
composing the soils. The capacity of the soils to retain and conduct moisture 
is dependent upon its texture. Capillary action which influences the water 
holding capacity of the soils, is also dependent on textures. For example, 
fine textured soils provide effective capillary tubes while in loose and 
coarse grained soils the property of capillaiy is minimised. Soils, on the 
basis of particles, have been categorised as clay, silt, and gravel. A 
generalized classification of soils is given in Table 2.1 
Table 2.1 
A Generalized Classification of Soils 
0.002 0.006 0.02 0.06 0.2 0.6 2.0 
British 
Standards 
Institution 
Inter-
national 
Society of 
Soil 
Science 
Clay 
Fine Medium Coarse Fine Medium Coarse 
Gravel 
Silt Sand 
Clay 
Silt Sand 
Gravel Fine Coarse 
0.002 0.02 0.2 2.0 
Source; Brad\. N.C . The Nature and Properties of Soils. New York, 1984. p. 37. 
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Clay soils have a size of mineral particles to the tune of less than 
0.002 mm. These soils have low productivity due to water shortage and the 
difficulty of cultivation. During the hot and dry period the heavy clay soils 
become hard baked and get poached badly, while under heavy rainfall they 
turn too heavy and sodden, thereby restricting the cropping. But at the same 
time their large nutrient reserves characterise them with a high potentials 
for productivity which can be exploited by adopting suitable farming 
methods. The sandy soils can not support good cropping because they have 
little water holding capacity. Therefore, loamy soils, with a mixture of sand 
and clay, are better suited for crop growth. They have good water holding 
capacity and easy to work. The sandy soils have more alkalinity, while the 
loamy soils are saline-alkaline. Both are poor in humus content because of 
the absence of natural vegetative cover. The heavy silt-loam is poor in salt 
content but rich in humus due to the vegetative cover in the flood plains. 
I ii. Humus 
The chemical and physical properties of the soils are controlled by 
the presence of the amount of clay and humus. They are centres of activity 
around which chemical reactions and nutrient exchanges occur. Furthermore, 
by attracting ions to their surfaces, they temporarily protect essential 
nutrients from leaching and release them slowly for plant use. The humus 
particles have greater amount of nutrients and water-holding capacity than 
clay. Humus determines the plant growth and development. The sandy and 
loamy soils are poor in humus content because of the absence of natural 
vegetation cover. The heavy silt-loam is charactises as poor with less amount 
of salts but is usually rich in humus due to vegetation cover in the flood 
plains. 
66 
iii. Nutrients 
The growth of crops is regulated by the amount of nutr ients present 
in tlie soil. The three nutrients, namely, nirrogen, phosphorus and potassium, 
constitute the soil fertility. Other nutrients are carbon, hydrogen, oxygen, 
calcium etc. Deficiency of nutrients leads to a depressing affects on crop 
yields. Deficiencies may often be make up to meet the specific requirements 
of crops either by the inclusion of crops such as legumes or green manure 
crops in the course of rotation, or with the application of chemcial 
fertilizers. The availability of nutrients in balanced amount is regulated by 
the soil pH. Highly alkaline soils, excess of carbonate and. bicarbonates of 
sodium and magnesium are not suitable for crop growth. 
Nitrogen is an essential constituent of all living matters. It forms a 
part of proteins and chlorophyll. Nitrogen promotes leaf and stem growth 
and increases protein contents of food and fooder crops. 
Phosphorus is a constituent of nucleic acid, phytin, and 
phospholipids. It stimulates early development of root growth and helps to 
establish seedlings quickly. Phosphorus brings about early maturity of crops, 
particularly the cereal crops. It also stimulates blooming and aids in seed 
formation, improves the quality of the foodgrains. It can be seen from Table 
2.2 that the availability of phosphorus and nitrogen content, in North Bihar 
Plain, is the highest in the district of Darbhanga (898 kg/ha) whereas the 
lowest of 34 kg/ha is observed in the districts of Sitamarhi and Sheohar. 
Potassium does not enter into the composition of any of the 
important plant nutrients such as protein, chlorophyll, fats, carbohydrates 
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Table 2.2 
Soil Nutrients and pH Value 
District Nitrogen Phosphorus 
(kg per hectare) 
pH value 
Araria 252 578 6.35 
Begusarai 526 620 7.70 
Bhagalpur 183 183 8.00 
Champaran East 112 112 7.30 
Champaran West 56 85 7.25 
Darbhanga 898 898 6.92 
Gopalganj 224 336 7.65 
Katihar 865 318 6.45 
Khagaria 295 295 6.75 
Kishanganj 252 578 6.35 
Madhepura 769 654 6.80 
Madhubani 81 72 7.25 
Muzaffarpur 351 526 6.85 
Purnia 252 578 6.35 
Saharsa 769 654 6.80 
Samastipur 610 622 7.80 
Saran 687 781 7.45 
Sheohar 34 34 7.45 
Sitamarhi 34 34 7.45 
Si wan 332 498 7.80 
Supaul 769 654 6.80 
Vaishali 82 82 7.12 
Source : Official Records of Directorate of Soil Conservation, Patiia, Bihar. 
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concerned in the crop metabolism. It is essential in the formation and 
transfer of starches and sugar. Thus, it is required in large quantities for 
potatoes and sugarcane. It also regulates water condition within the plant cell 
and water loss by transpiration, and acts as an accelerator of enzyme action. 
Calcium is a constituent of cell wall. It increases fitness of straw 
and promotes root development and growth. It is essential to activate 
growing points especially roots, encourages seed production. 
Magnesium is a constituent of chlorophyll and essential for all 
green plants. It helps the crops in maintaining dark green colour in leaves, 
promotes the formation of oils and fats in seeds. It also helps in 
translocation of starches and regulates the uptake of other nutrients. 
Sulphur is not a constituent of chlorophyll but it helps in 
chlorophyll formation and encourages plant growth. It stimulates seed 
formation and nodule formation on legumes. Zinc is essential for enzyme 
systems, necessary for plant metabolism. It is considered to be helpful in 
the formation of some hormones growth and reproduction of certain plants. 
It also protects plants from the attacks of the injuries by harmful bacteria. 
Iron, though not a constituent of chlorophyll, helps in its 
foimation. A deficiency of it brings about oxidation-reduction reactions in 
the plants. It is essential for the synthesis of protein contained in 
chloroplasls. 
iv. Soil Reaction (pH value) 
One of the important characteristics of soil is its reaction, which 
is also called pH value of soil. pH value is a measure of acidity or alkalinity 
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Oil a scale from 1 to 14, with 7 being neutral. Lower value from this 
represents greater acidity and higher greater alkalinity. The following figures 
measure the scale of acidity and alkalinity applied by agronomists to soils : 
pH value Acidity/Alkalinity 
Extremely acid 
Very strongly acid 
Strongly acid 
Moderately acid 
Slightly acid 
Neutral 
Mildly alkaline 
Moderately alkaline 
Strongly alkaline 
Very strongly/excessively alkaline 
Sourcc Singh. J and Dhillon. S S . Agnculluiril Geography. New Delhi. 1994. p 82 
The pH value between the range of 7 and 8.5 indicates the normal 
soil, suitable for cultivation. When the pH value of the soil becomes greater 
than 8.5, the yield of the crops diminishes markedly and the salts present in 
the soil may accumulate on the surface to such an extent as to render the 
soil uncultivable (Hoon et al., 1941)^". The rise of salt zone to the soil 
surface is mainly due to the faulty irrigation and agricultural practices. 
Taylor (1940)^^, has pointed out that "the controlling factor in soil fertility 
26 Hoon. R C ct al . The Effect of Certam Soil Factois On the Yield of Wheat in 
the Puniab. Soil Science. Vol 51, No 5. 1941. pp 339-349 
27 Ta>loi. E M . Making Land Reclamation Precisc and Profitable. Indian Farming. 
1940. pp 424-26 
Under 4.5 
5.0 
5.5-
6.0-
6.5-
7.3 • 
7.8-
8.4-
Over 9.0 • 
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is pH which should be below 8.5". Acid soils are deficient in calcium. Wheat, 
barley, sorghum, tobacco etc. can not grow on such acidic soils, whereas 
rice, oats, maize, cotton, peas, etc. can tolerate acidity fairly well. In North 
Bihar Plain the pH value ranges between 8 and 6.34. 
V. Soil Profile 
The soils, vertically, have a section of zone or layers. Such a 
section is called 'soil profile' and the individual layers or zones are regarded 
as soil horizons. Every well developed, undisturbed soil has its own 
distinctive profile characteristics which are of great practical importance in 
agricultural operations. Four basic horizons are identified namely, 0 , A, B, 
C respectively. 0 horizon consists largely of organic material, whereas A 
horizon is rich in mineral matter and humus. Together the 0 horizon and A 
horizon make the top soil, which is sometimes referred to as the furrow 
slice, because it is the portion of the soil 'turned' or 'sliced' by the below. 
Immediately below the A horizon is B horizon or sub-soil. Much of the 
material removed from the A horizon by eluviation is deposited in the B 
horizon. The accumulation of fine clay particles derived from the A horizon 
enhances water retention in the sub-soil. The living organisms and organic 
matter are more abundant in B than in C horizon, but less than in A horizon. 
The 0 , A, B, horizons together constitute the 'solum' or 'true soil'. It is in 
the solum to that the plant is largely confined. 
Topsoil is the major zone of root development. It carries much of 
the nutrients available to plants and supplies a large share of the water used 
by crops. Also, as the layer that is ploughed and cultivated, it is subjected to 
manipulation and management. By proper cultivation and the incorporation 
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of organic residues, its physical condition may be modified. It can be treated 
easily with chemical fertilizers and limestone and can be drained. Its fertility 
and productivity may be raised, lowered or satisfactorily stabilized at levels 
consistent with economic crop production. In practice, the term 'soil' refers 
to the surface layer, the top soil or the furrow slice. Sub-soil influences the 
crop production by root penetration and by the reservoir of moisture and 
nutrients held therein. 
vi. Soil Colour 
The black soils classified into deep black, medium black, shallow 
black, mixed red and black soils on the basis of proportion of colour present 
in them are of immense value in agriculture. The black soil is comparable to 
regur, the Chernosem of India and has developed on basic rock of the south 
Bhagalpur district. The black clay soil becomes hard when dry but friable and 
sticky when wet and has a water-holding capacity for longer time. This is due 
to high clay proportion. Because of its relatively high fertility it may not 
require manuie for a considerable time. It is good for the cultivation of 
cotton, wheat, jowar where rainfall is adequate. With the irrigation facilities 
rice and sugarcane can also be grown. 
The red soils, on the basis of their productive capacity may be 
categorised as red loamy soils, red gravelly sandy and red yellow loamy 
soils. They are generally deficient in nitrogen, phosphorus and humus. Their 
agricultural value, therefore, depends mainly on the extent of their irrigation 
and manuring. A large variety of crops, such as paddy, jowar, cotton, etc. are 
grown under irrigation, but crops like pulses are raised under rain-fed 
conditions 
GAapCe^T^ - 3 
A. LAND UTILIZATION 
Land use in North Bihar Plain varies according to the variations in 
the distribution of sunshine, rainfall, topography of the land, drainage 
conditions and soil characteristics of the region. The spatial differentiation 
in these elements affects the purpose of land use for agriculture. 
The practical purpose of making the use of land is for growing 
crops in harmony with the environment. This is to record the distribution of 
land put to various uses in different environmental and socio-economic 
conditions and to put the resources for better utilization based on scientific 
principles and without any kind of degradation. The land use planning is, thus, 
needed in accordance with the changing needs and pressure of ever-
increasing population. The main function of planning is to frame a guide for 
land use in such a way that all the available land resources are put to the 
most beneficial use together with their conservation for future generation. 
The meaning of land use sometimes restricts to various uses of 
land, but in its use we find over use, under use, and misuse, which assist us 
to make a planning in order to attain optimum utilization of land. 
Land use records in North Bihar Plain are maintained and classified 
under the following major categories : (1) total reporting area; (II) forest; 
(111) barren and uncultivated land; (IV) land under non-agricultural uses; (V) 
miscellaneous trees, crops and groves; (VI) permanent pastures and grazing 
land; (Vll) cultivable waste land; (VIll) fallow land; (IX) net sown area; (X) 
area sown more than once; and (XI) total cropped area. 
Figures relating to the above classification for the North Bihar 
Plain are given in Table 3.1 for the three points of time, i.e. 1985-90, 
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Table 3.1 
Land Use Pattern in North Bihar Plain - A Trend of Progress 
(in 000 hectares) 
Category 1985-90 1990-95 1995-200 
i. Total Reporting Area 5805 5805 5499 
ii. Forest Land 144.4 (2.48) 141 (2.43) 95 (1.73) 
iii. Barren and Uncultivated 
land 
272 (4.68) 267 (4.60) 223 (4.06) 
iv. Land Under Non-
Agricultural Uses 
976 (16.81) 997 (17.17) 1022 (18.59) 
V. Miscellaneous Trees, 
Crops and Groves 
179 (3.08) 204 (3.510 197 (3.58) 
vi. Permanent Pastures and 
Grazing Land 
17 (0.29) 15 (0,26) 7 (0 .13 ) 
vii. Culturable Waste land 40 (0.77) 32 (0.55) 16 (0.29) 
viii. Fallow land 584 (10.06) 495 (8.53) 378 (6.87) 
i\ Net Sown Area 3593 (61.89) 3654 (62.95) 3561 (64.76) 
X. Area Sown More than 
Once 
1696 (47,20) 1695 (46.39) 1681 (47.21) 
xi Total Cropped Area 5289 5349 5242 
Note : Figures in parentheses refer to the percentages computed from the total 
reporting area. 
Source : Bihar Through Figures (1985-2Q00), Directorate of Statistics and 
Evaluation, Patna, Bihar. 
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1990-95 and 1995-2000. For each period, data of five successive years have 
been averaged, e.g., 1980-85 (1980-81, 1981-82, 1982-83, 1983-84,and 
1984-85). The data pertaining to the land use have been collected from 
Animal and Season Crop Reports, Bihar Through Figures and official 
records maintained and kept by the Directorate of Statistics and Evaluation, 
Patna, Bihar. 
I. Total Reporting Area 
The reporting area in North Bihar Plain for land utilization 
purposes was estimated 5805 thousand ha. in 1985-90 which has remained 
constant until 1990-95 and dropped to 5499 thousand ha. in 1995-2000. This 
drop in area has been due to bifurcation of the Bhagalpur district and 
creation of a new district of Banka, which acquired on its creation an area of 
306 thousand ha. from the district of Bhagalpur. This new district of Banka 
has been excluded from study for the period 1995-2000 because it lies 
exclusively south to the Ganga river and covers a plateau area. Thus, with the 
exclusion of Banka district, the reporting area for the entire region remained 
constant in 1995-2000. 
II. Forest Land 
Of the total reporting area of North Bihar Plain, only 2.49 per cent 
of Ihe area is reported as the forested area during 1985-90. The area under 
forest shows a decreasing trend, which has been 2.43 per cent in 1990-95 
and 1.73 per cent in 1995-2000. Most of the forested area is mainly 
confined to the West Champaran, Bhagalpur, Katihar and Purnia districts. 
West Champaran accounts for 19.01 per cent of the total forested area. This 
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occurs mainly in the northern portion of the district. This area is largely 
covered with a wild vegetative growth. There are vast stretches of bamboo, 
sal and seesam trees. With the increasing population pressure and bringing 
of more and more area under cultivation, the area under forest has constantly 
decreased. 
III. Barren and Uncultivated Land 
This category includes all such lands which are practically useless 
or unproductive and virtually unfit for cultivation. This area is covered by 
sandy soils where not a single blade of vegetation grows. The area under 
barren and uncultivated land accounts for 4.68 per cent during 1985-90, 
which decreased to the tune of 4.60 and 4.06 per cent during 1990-95 and 
1995-2000 respectively. 
IV, Land Under Non-Agricultural Uses 
This land is not available for cultivation, though they are 
considered to be arable lands. This categoiy covers the land which has a wide 
range of use and to include all the lands which are under inhabitation, 
factories, under roads to be used for transportation, canals, and reservoirs 
etc. This category shows an increase of area from 21 thousand ha. 
(0.36 per cent) between 1985-90 and 1990-95 to 25 thousand ha. (1.42 per 
cent) between 1990-95 and 1995-2000. This increase of area under this 
category is due to an increase in population which has resulted an 
encroachment on newer areas for the construction of new houses and 
buildings. 
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V. Miscellaneous Trees, Crops and Groves 
The cultivation of orchards and plantations is done on in this class 
of lands which occupied 179 thousand ha. (3.08 per cent) during 1985-90 
and it increased to 0.43 and 0.07 per cent during 1990-95 and 1995-2000 
respectively. The districts of Darbhanga (4.78 per cent), Samastipur (4.54 
per cent) and Muzaffarpur (4.44 per cent) have recorded the highest area 
under this category during 1985-90. During 1990-95 and 1995-2000, the 
district of East Champaran (5.55 per cent) followed by Sitamarhi (5.28 per 
cent) has recorded the highest area under trees and orchards respectively. 
These districts have a high percentage of land which has the plantation of 
mango and lichi {Litchi chinensis) over extensive areas. 
VI. Permanent Pastures and Grazing Lands 
Taking the North Bihar Plain as a whole, the area under pastures 
and grazing land is not very appreciable. This acocunts for 17 thousand ha. 
(0.29 per cent), 15 thousand ha. (0.26 per cent), and 7 thousand ha. (0.13 per 
ceiit) of the total reporting area of the region during 1985-90, 1990-95 and 
1995-2000 respectively. The figures of Table 3.2 show a continuous 
decrease of land under this categoiy. This trend of decrease is mainly due to 
the land kept for reclamation. Most of the pastural lands mainly occurs in 
the Bhagalpur, Purnia, Saharsa, and West Champaran districts. 
VII. Culturable Waste Land 
As the title indicates, the lands under this categoiy may be put for 
cultivation but presently they are lying as waste on account of a number of 
reasons. The reasons may be enumerated as : encroachment by jungly weeds 
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of kans and paters, floods and erosion, poor draifiage, scarcity of^M'ater etc. 
Though very low percentage of area constitutes as culturable waste land in 
North Bihar Plain, Table 3.1 shows a decrease of 8 thousand ha. of land (0.22 
per cent) between 1985-90 and 1990-95 and 16 thousand ha. (0.26 per cent) 
between 1990-95 and 1995-2000. The decrease in culturable waste land has 
resulted an increase in the net sown area. The main cause of declaring the 
land as culturable waste is due to the variations in the incidence and amount 
of rainfall received. 
VJII. Fallow Land 
Fallow land is a part of cultivated land, but it differs from net sown 
area in the sense that at the time of reporting, the area covered by this class 
was reported without crops, although it was brought under cultivation during 
the previous agricultural season. The area under this category has declined 
to the tune of 89 thousand ha. (1.53 per cent) between 1985-90 and 
1990-95, and 117 thousand ha. (1.66 per cent) between 1990-95 and 
1995-2000. The highest percentage of fallow land is found in the district of 
Purnia (14.65 per cent) and the lowest is recorded in Champaran (1.65 per 
cent) districts during 1995-2000. 
Cropping and fallowing of land is generally practiced alternatively 
so that in the typical sandy soil areas, a fraction of arable land is actually 
given to crops while the rest may be referred to as either 'current fallows' or 
'other fallows'. This practice prevents soil exhaustion and ensures better 
yields of crops in the year of its cultivation. The eastern part of the region 
suffers mostly from devastating floods each year by the Son river, so that as 
a result a considerable percentage of area remains uncultivated. The districts 
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lying in the eastern part of the region share a high percentage of fallow lands 
as compare to those which form the western part. 
The concentration of fallow land also varies in accordance with the 
amount of rainfall. In the years of good rain, the percentage of fallow land 
decreases, whereas in the years with insufficient rain, the proportion of such 
lands increases. 
IX. Net Sown Area 
This categoiy of land use shows the extent of cultivated area or 
sown area during a year. The extent of net area sown recorded an increase of 
1.53 per cent between 1985-90 and 1990-95 and 1.81 per cent between 
1990-95 and 1995-2000. There is a marked variation among the districts of 
North Bihar Plain with respect to the net sown area. The districts of 
GopalganJ, Siwan, Saran and Samastipur have the high proportion of area 
under the categoiy of net sown area, whereas the districts of Katihar, West 
Champaran, and Madhubani have the low percentages of area in the same 
category. 
Soil characteristics are the main factors of variation in the 
distribution of net cultivated area in the region. Other factors which may be 
accounted for are : a continued population pressure, a substantial rise in 
prices of individual commodities, an increasing demand of foodgrains, 
government efforts in extension services to the farmers etc. 
X. Area Sown More Than Once 
When more than one crop is grown on the same field in the same 
year is included in this categoiy. In North Bihar Plain, the area under this 
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class remained more or less constant with slight fluctuations recorded 
during the three periods under consideration. 
With respect to total cropped area, there seems a significant shift 
during the corresponding periods. An additional area of 60 thousand ha. 
(1.03 per cent) was brought under cultivation between 1985-90 and 
1990-95, which further increased to about 199 thousand ha. (3.19 per cent) 
between 1990-95 and 1995-2000. 
B. CROPPING PATTERN 
The crop statistics are used to denote cropping pattern. Cropping 
pattern means the proportion of area devoted to various crops at a point of 
time. It also refers to the relative arrangement of crops on a farm, region, 
province or country apportioning due consideration to natural factors 
(climate and soil), crop efficiency, land capability, socio-economic 
structure, technological and infrastructural extension and the national 
agricultural policy (Pal et al., 1985)^ Cropping pattern may also be defined 
as the yearly sequence and spatial management of crops on a given area 
which have been based on cropping pattern zones developed to divide the 
countiy into homogeneous units using the entities like soil and climate 
besides physical and agronomic criteria subdivided on the basis of 
isothemiic lines (Saran et al., 1989)^. Cropping scheme is the plan according 
which the crops are raised on individual farms with the sole objective of 
Pal. M. et al.. Cropping system research. Concepts, needs and directions: In (ed 
M Pal) Proc. Naln. Symp. Cropping Systems. Indian Soc. Agron.. lARI. New-
Delhi. J 985. pp J-20. ' 
Saran. G.. Ahlawat, I.P.S. and Yaduraju. Agronomic Terminology. Indian Soc. 
Agron . lARI. New Delhi. 1989. 
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getting the maximum returns from each crop without impairing fertility of 
soil. An another view refers the cropping pattern as that a relative proportion 
of area brought in for cultivation of different crops in a given region at a 
particular point of time. Thus, the term cropping pattern denotes a spatial 
and temporal combination of crops grown in a region. It involves not only of 
crop species but also of varieties, mixed or intercropping and crop systems 
(Singh and De, 1978)-\ It is a dynamic concept as no cropping pattern can be 
good and ideal for all times. The cropping pattern differs from macro to 
micro region, both also in space and time, and governed largely by the 
physical socio-economic, and technological factors. 
The variations in soil fertility, rainfall, and temperature regimes in 
North Bihar Plain are invariabily responsible for variations in the cropping 
pattern and productivity levels. A review of overall changes in area, 
production and yield of major crops is, therefore, essential to bring a clear 
picture. The growth pattern with reference to crops assumes special 
importance in a planned economy because it helps in locating the weaknesses 
in the existing programme of agricultural development. 
In order to analyse the cropping pattern in the region, it would be 
worthwhile to give some idea about the crops, their sowing and harvesting 
periods. 
Agricultural practices in North Bihar Plain revolve around two 
main seasons namely, kharif and rahi. The sowing in the kharif season 
(summer crops) begins generally with the onset of the southwest monsoon 
3. Singh. M. and De, R , Changing pattern and intensity of cropping, hi . Proc. 
Nam. Symp. Land Water Mgt. Indus Basin. India, Vol. II. Crop Production and 
Ecos\stcm. Punjab Agric. Univ., Ludhiana, pp. 125-158, 
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in mid-Juiie, while the rabi season (winter crops) starts with the beginning 
of cold weather i.e., by the end of the month of October or early November. 
The important crops grown in kharif season are : rice {Oryza saliva), maize 
{Zea ivays)^ jowar {Sorghum vvlgare), bajra {Penniselum typhoideum)^ 
arhar {Cajamis indicus) and sugarcane {Sacchanim officinariim), which 
require relatively high temperatures and plentiful moisture. The crops grown 
in rabt season are : wheat {Triticiim sativum), barley {Hordeum vulgare), 
masoor (Lens cuHnaris), gram (Cicer arietinum), peas (Pisum sativum), 
mustard {Brassica sp.), potato {Solanum tuberosum), linseed (Linum 
usitatissimum), which require low temperatures and moderate amount of 
moisture during the period of their growth. The harvesting period of kharif 
crops starts from the month of September to October while rabi crops are 
harvested generally during the months of March to April and which may 
extend sometimes by the month of May. Table 3.2 shows the sowing and 
harvesting periods of major corps grown in North Bihar Plain. 
Table 3.2 
Name of Crops Sowing Time Harvesting Time 
Rice mid-June - August November - December 
Maize June - July September - October 
Wheat November - January mid-March - April 
Barley November - December March - April 
Bajra June - July September - October 
Arhar June - July December - April 
Gram October - November March - April 
Potato (rabi) October - mid-Januaiy September - mid-March 
Sugarcane October - March Januaiy - March 
Linseed October - December Januaiy - March 
Sesamum June - July September - November 
Source : Annua! Season and Crop Report (1977-78), Directorate of Statistics and 
E\aluation, Patna, Bihar. 
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For the analysis of area, production and yield in North Bihar Plain, 
from 1985 to 2000, for three points of time, i.e. 1985-90, 1990-95 and 
] 995-2000. data for five successive years were averaged for the entire 
period of study. The data, for all the crops and 22 districts of the plain were 
obtained from the Annual Season and Crop Reports, Bihar Through 
figures and the official records of the Directorate of Statistics and 
Evaluation, Patna, Bihar. During the period of 1990-95, two new districts 
namely, Araria and Kishanganj were created, which have been included in the 
study. Similarly, during 1995-2000, two another districts namely, Sheohar 
and Supaul, were created they have also been incorporated. Important crops 
considered for the analysis of this study are cereals to include : rice, wheat, 
maize, barley; pulse crops to include: gram, arhar, masoor, khesari, peas; 
oilseeds to include : rapeseed-mustard, linseed, sesamum, sunflower; and 
cash crops to include : sugarcane, potatoes, jute, tobacco. Tabe 3.3 shows a 
trend of progress of each crop in respect of area, production and yield of 
crops in North Bihar Plain. 
It may be observed from the figures of Table 3.3, that there is a 
marked variation in total area devoted to different crops, which was 4717 
thousand ha. during 1985-90 against 4731 thousand ha. and 4691 thousand 
ha. during 1990-95 and 1995-2000 respectively. The figures show an 
increase of 14 thousand ha. in between 1985-90 and 1990-95 and a decrease 
of 40 thousand ha. between 1990-95 and 19995-2000. The decrease in area, 
during 1995-2000 is due to the exclusion of Bank district from the study 
area. However, with respect to the total cropped area, the area under 
individual crops, the period under consideration has increased to 89.49 per 
cent against 88.49 per cent during 1990-95. 
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During 1985-90, the cultivation of cereals occupied 4005 thousand 
ha. (84.9 percent) of the total area of crops concerned in North Bihar Plain. 
There has been a further increase in area upto 4025 (85.07 per cent) and 
4036 (86.04 per cent) thousand ha. during 1990-95 and 1995-2000 
respectively. Rice, one of the main staple crop of the region, shows a 
decrease in area but attained an increase in production. 
The districtwise distribution of area under rice shows that all the 
neighbouring districts of Himalayas namely, East and West Champaran, 
Sheohar, Sitamarhi, Darbhanga, Madhubani, Supaul, Araria, Kishanganj, and 
Katihar have a high concentration of area in rice. About 50 per cent of the 
cropped area in these districts is occupied by rice (Appendix C). These 
districts receive a high amount of rainfall during rainy season which supports 
the cultivation of rice cropping. Wheat and maize have shown an increasing 
trend since 1985-90, whereas the area under barley has decreased gradually. 
Wheat has attained an abrupt increase in area from 1155 thousand ha. (during 
1985-90) to 1282 thousand ha. (in 1995-2000). The districts of Saran, 
Siwan, Gopalganj, Muzaffaipur, Begusarai, and Khagaria have emerged as the 
main areas of wheat cultivation. These districts receive a low rainfall during 
southwest monsoon. An another set of districts known for wheat cultivation 
comprises the district of East Champaran, Darbhanga, Sheohar, Sitamarhi, 
Vaishali and Supaul. Next to wheat, maize accounted for an increase of 62 
thousand ha. in between 1985-90 and 1995-2000. The districts of Begusarai, 
Khagaria and Bhagalpur are the main areas known for maize cultivation. The 
districts of Samastipur, Madhepura, Vaishali and Saharsa also grow some 
maize. The cultivation of barley shows a decrease in area from 31 thousand 
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ha. (during 1985-90) to 11 thousand ha. (in 1995-2000). This crop accounts 
for a very small share of area in the region. 
The districts of East and West Champaran, Sheohar, Sitamarhi, 
Darbhanga, Khagaria and Kishanganj are the main areas known for the 
cultivation of pulses. The area devoted for the cultivation of pulses accounts 
for 3.5 per cent of area. It may be observed from Table 3.3, that the 
cultivation of pulses has recorded a decrease of 94 thousand ha. (between 
1985-90 and 1995-2000). There is a marginal increase in area under 
oilseeds between 1985-90 and 1990-95, but during 1995-2000 they show an 
increase upto 121 thousand ha. against 114 thousand ha. during 1990-95. The 
districts of West Champaran, Siwan, Samastipur, Supaul, Madhepura, Araria, 
Kishanganj. Purnia, Katihar, Khagaria and Bhagalpur have the main oilseeds 
growing areas. 
The area under cash crops show an increasing trend from 342 
thousand ha. (during 1985-90) to 383 thousand ha. (in 1990-95). But there 
has been a decrease in area decreased upto 13 thousand ha. in between 1990-
95 and 1995-2000. The districts of West Champaran (11.6 per cent) 
followed by Gopalganj (6.56 per cent) show the highest concentration of 
sugarcane cultivation in North Bihar Plain. The other districts lying in 
western part are namely, East Champaran and Siwan; the districts lying in the 
north namely, Sheohar, Sitamarhi and Madhubani; and southern districts 
namely, Samastipur, Begusarai and Bhagalpur also grow some sugarcane. The 
districts lying in the eastern part namely, Araria, Kishanganj, Pumia, Katihar, 
Supaul and Madhepura form the main region of jute cultivation. These 
districts fall in area which receives the highest rainfall. Tobacco is mainly 
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grown in the districts of Vaishali, Muzaffarpur and Samastipur. Potato is 
grown almost in all the districts of region and it recorded an increase of 
about 34 thousand ha. in between 1985-90 and 1995-2000. 
As regards the achievements in crop production, the situation is 
well encouraging. The three crops viz., rice, wheat and sugarcane which 
constituted about 90 per cent share in gross production of crops in the 
region. In 1985-90, rice was cultivated on 2326.7 thousand ha. and 
accounted for a production of 2447.6 thousand m.tonnes with an average 
yield of 10.52 qnts./ha. During 1990-95, the production of rice decreased to 
23 12.55 thousand m.tonnes due to a decline in area and yield. In 1995-
2000, the area under rice further decreased to 2190 thousand ha., but the 
production gone up to 2771.56 thousand m.tonnes with an average yield of 
12.65 qnts./ha. Wheat recorded the production of 1864.8 thousand m. tonnes 
in 1985-90 with an average yield of 16.15 qnts./ha. This crop occupied 1236 
thousand ha. during 1990-95 against 1155 thousand ha. in 1985-90. The 
production in 1990-95 gone upto 2252.85 thousand m.tonnes with an 
average yield of 18.23 qnts/ha. In 1995-2000, the production of wheat 
showed a further increase which gone upto 2613 thousand m.tonnes with an 
average yield of 20.39 qnts./ha. The production of sugarcane was 4368.8 
thousand m.tonnes in 1985-90 which gone upto 5998.65 and 5142.02 
thousand m.tonnes during 1990-95 and 1995-2000 respectively. The average 
yield of the crop concerned was 402 qnts./ha. during 1985-90 which 
increased to 448.66 and 502.59 qnts./ha. in 1990-95 and 1995-2000 
respectively. The other crops which show an increase in production are : 
maize, oilseeds and potatoes. 
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In case of potatoes, during 1985-90, an area of 71.4 thousand ha. 
was devoted to it, which produced a gross production of 769.6 thousand 
m.tonnes with an average yield of 108 qnts./ha. This situation changed during 
1990-95 and 1995-2000. The crop occupied 97.44 and 104.7 thousand ha. m 
1990-95 and 1995-2000 respectively. The gross production recorded 926.55 
and 929.4 thousand m.tonnes in the corresponding periods. The average yield 
of potatoes declined to 95 qnts./ha. in 1990-95, and a further decline of 6 
qnts./ha. was recorded in between 1990-95 and 1995-2000. The gross 
production of maize was 781 thousand ni.tonnes with an average yield of 16 
qnts./ha. which gone upto 1003.9 and 1203.2, with an average yield of 19 
and 22 qnts./ha. during 1990-95 and 1995-2000 respectively. Next to maize, 
oilseeds show a change both in area and in production. The area devoted to 
oilseeds during 1985-90 was estimated to 113.54 thousand ha. and the gross 
output recorded 74 thousand m.tonnes. During 1990-95, it rose to 77 
thousand m.tonnes with an average yield of 6.79 qnts./ha. against 6.51 qnts./ 
ha. m 1985-90. In 1995-2000, gross production increased upto 89.62 
thousand m.tonnes with an average yield of 7.39 qnts./ha. 
The cultivation of pulses show a gradual decrease in area, and 
production, but show an increase in average yield. In 1985-90, pulses 
covered 256.6 thousand ha. to produce about 188 thousand m.tonnes with an 
average yield of 7.33 qnts./ha. Subsequently, in 1990-95 they occupied 
210.18 thousand ha., which was 46.42 thousand ha. less than the previous 
quinquennial period, with an average yield of 8.09 qnts./ha. In 1995-2000, 
pulses recorded a gross production of 149.23 thousand m.tonnes and were 
grown over an area of 162.86 thousand ha. But the average yield increased to 
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9.16 qnts./ha. In case of tobacco, there is a gradual increase in area but the 
quantum of production was affected due to fluctuations in average yield per 
hectare. In 1985-90, the crop covered 13.8 thousand ha. of land and a gross 
production of 16.2 thousand m.tonnes with an average yield of 11.74 qnts./ 
ha. During 1990-95, this crop recorded a gross production of 9.45 thousand 
m.tonnes with an average yield of 6.7 qnts./ha., whereas the area increased to 
14.10 thousand ha. In 1995-2000, the area devoted to this crop gone upto 
16.6 thousand ha. with an output of 14.3 thousand m.tonnes and with an 
average yield of 8.61 qnts./ha. Although, there is an increase in its yield 
during 1995-2000 yet it remained low as compared to 11.74 qnts./ha. which 
was obtained in 1985-90. 
The performance of foodgrains cultivation shows an increasing 
trend in gross production in spite of gradual decrease in area devoted to 
them. The basic reason has been the normal behaviour of monsoon which 
favoured good cropping and consequently there was an increase in 
production. On the other hand, the area under sugarcane and oilseeds has 
increased due to the price profitability over other crops. 
I. Districtwise Growth in Area, Production and Yield of Cereal Crops 
A districtwise change in area, production and yield of cereals, and 
their percentage growth computed during the periods of 1985-90 to 
1990-1995, 1990-95 to 1995-2000 and 1985-90 to 1995-2000 are shown 
in Table 3.4. It can be observed from the table, that there is a continuous 
increase in area of the crops concerned in the region. Area under these crops 
increased upto 12.03 thousand ha. in between 1990-95 and 1995-2000 
a^ainst 18,75 thousand ha. during 1985-90 to 1990-95. The rate of growth 
89 
corresponding periods are 0.29 and 0.47 per cent respectively. An overall 
increase of 30.78 thousand ha. between 1985-90 and 1995-2000 with the 
growth rate of 0.77 per cent has been recorded. Production and yield also 
registered a positive growth in the region. During 1985-90 to 1990-95, the 
quantum of production of crops rose upto 466 thousand m.tonnes with an 
increase of yield 1.1 qnts./ha. Between 1990-95 and 1995-2000, there is an 
additional increase of 1019 thousand m.tonnes at the growth rate of 18.25 
per cent. Production of cereals show an overall increase of 1486 thousand 
m tonnes during a span of 15 years i.e., from 1985-90 to 1995-2000, 
whereas the yield recorded an increase of 28 per cent. The rate of growth of 
production and yield between the periods of 1985-90 and 1995-2000 were 
recorded 29 and 28 per cent respectively. 
It may be seen from Table 3.4 that, in between 1985-90 and 1990-
95, the district of Saharsa registered the highest increase of 30 thousand ha. 
in area under cereal crops with a growth rate of 13 per cent. The districts of 
Samastipur, Khagaria, East Champaran, Madhepura and Siwan recorded an 
increase in area between 10 and 20 thousand ha. There are 3 districts of 
Begusarai, Gopalganj and Vaishali which show an increase in area under 
cereals to the tune of below 10 thousand ha. The lowest positive growth is 
found in the district of Vaishali, where it is 1.4 per cent. The remaining 
districts show a decrease in area. The highest negative growth of -5.8 per 
cent was registered in the Purnia district. The main reason behind this 
decrease is the bifurcation of the district during succeeding periods 
resulting in a reduction in its geographical area. The other districts which 
recorded a negative growth rate between 5 and 10 are namely, Madhubani, 
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Table 3.4 
Districtwise Changes in Area, Production and Yield of Cereal Crops in 
North Bihar Plain 
District 
1985-90 to 1990-95 1990-95 to 1995-2000 1985-90 to 1995-2000 
Absolute 
change 
Percentage 
cnange 
Absolute 
change 
Percentage 
change 
Absolute 
change 
Percentage 
change 
1 2 •) 4 5 6 7 
Arana A -5 60 -3 01 
P +18 92 +8 58 
Y +142 +12 0 
Bcgusarai A +9 20 +6 27 -7(1 -4 49 +2 20 +1 50 
P +4165 +16 75 -42 49 -14 64 -0 84 -0 34 
Y +1 67 +9 86 -1 98 -10 65 -0 31 -I 83 
Bhagalpur A -19 15 -6 92 -110 05 -42 75 -129 2 -46 71 
P -70 35 -17 96 -85 45 -26 60 -155 8 -39 78 
Y -1 68 -1187 +3 52 +28 23 +1 84 +13 0 
Chainparan East A +16 40 +4 95 -37 8 -10 87 -214 -6 46 
P +5105 +11 12 +25 55 +5 02 +76 6 + 16 68 
Y -K)81 +5 84 +2 62 +17 86 3 43 +24 75 
Clidinparan West A -15 2 -5 20 +39 4 +14 22 +24 2 +8 28 
P +33 35 +809 +154 65 +34 69 + 188 0 +45 58 
Y +198 +14 03 +2 88 +17 90 +4 86 +34 44 
Darbhanga A -16 4 -10 00 +35 69 +24 18 +19 29 +11 76 
P +185 •H")95 +32 47 +16 55 +34 32 +17 65 
Y +144 + 12 15 4)82 -6 17 +0 62 +5 23 
Gopalgaii) A +7 8 +3 88 -2 0 •0 96 +5 8 +2 88 
P +83 2.-5 +28 03 +11 35 +2 98 +94 6 +31 85 
Y +3 43 +23 24 +0 72 +3 96 +4 15 +28 12 
Katihar A -2 0 -102 -10 -0 52 -3 0 -1 54 
P +47 8 +22 89 +60 0 +23 38 + 107 8 +51 63 
Y +2 62 +24 58 +3 19 +24 02 +42 8 +54 50 
Khagaria A +18 0 +23 44 +24 8 +26 16 +42 8 +55 73 
P +58 85 +53 79 +56 35 +33 49 + 115 2 +105 30 
Y +3 50 +24 58 03 +5 81 +4 53 +3181 
Kishangani A -2 24 -1 98 
P +32 79 +27 95 
Y +3 18 +30 61 
Madhepura A +13 65 +9 98 +6 48 +4 31 +20 13 +14 72 
P +1510 +8 99 +134 54 +73 48 +149 64 +89 07 
Y +0 11 -0 89 +8 08 +66 39 +7 97 +64 90 
Madliubani A -39 2 -15 78 +23 17 + 11 07 -16 03 -6 45 
P -63 9 -23 20 +74 09 +35 03 +10 19 +3 70 
Y -0 98 -8 84 +2 19 +2168 +121 + 10 92 
(Confd ) 
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Table 3 4 (contd ) 
1 2 3 4 5 6 7 
Muzaffarpui A -7 0 -2 75 -118 -0 05 -18 8 -7 38 
P +619 +21 52 +37 3 +10 67 +99 2 +34 49 
Y +2 82 +24 98 +2 29 +16 23 +5 11 +45 26 
Furnia A -296 0 -58 36 -18 -0 85 -297 8 -58 71 
P -272 0 -50 35 +58 2 +2165 -214 4 -39 60 
Y +2 05 +1921 +2 89 +22 72 +4 94 +46 29 
Saharsa 1 Sahaisa +29 9 +12 83 +66 99 +25 48 +96 89 +41 58 
+ i7 35 +14 18 +165 85 +55 14 +203 2 +77 14 
2 Supaul -K)13 +1 15 +2 71 +23 71 +2 84 +25 13 
Sani.istipur A +19 2 + 10 45 -11 58 -5 70 +7 62 +4 15 
P +10 4 +2 43 +38 83 +12 38 +49 23 +16 24 
Y -105 -6 37 +2 97 +19 24 +1 92 +11 64 
Saran A -5 4 -2 46 -0 4 -() 18 -5 8 -2 64 
P +45 85 14 35 +25 35 +6 94 +712 +22 29 
Y +2 51 +17 26 +121 +7 10 +3 72 +25 58 
Sitamaiiii 1 Silainarhi -46 -2 42 +15 74 +8 49 +11 14 +5 87 
-25 7 -12 17 +98 42 +53 06 +72 72 +34 43 
2 Shcohar -1 1 -9 98 +4 11 +41 01 +3 01 +27 07 
Siwan A +10 6 +4 79 -11 2 4 84 -(16 •{Ml 
P +24 75 +7 59 +64 05 +1826 +88 8 +27 24 
Y +019 +2 47 +3 68 +24 31 +4 07 +27 59 
Vaishah A +19 +1 49 +4 1 +3 18 +60 +4 72 
P -0 45 -0 30 +58 68 +38 91 +58 2 +38 49 
Y -0 21 -177 +4 05 +34 70 +3 84 +32 32 
Total A +18 75 -K)47 + 12 03 ^ 2 9 +30 78 -K^77 
P +466 45 +911 +1019 51 +18 25 +1485% +29 02 
Y +1 1 +8 61 +2 49 +17 94 +3 59 +28 09 
A - Area (000 ha ) P - Production (000 m tonnes) Y - Yield (qnts/ha ) 
Source Bthoi rhrough Figures (1985-2000) Duectorate of Statistics and Evaluation Patna 
Bihar 
92 
Darbhanga, Bhagalpur and West Champaran. In remaining 4 districts, area 
under cereals show a decline of less than 2 per cent. 
Extension in area has resulted in a simultaneous increase in 
production also, but there are some districts which show an increase in gross 
production, contraiy to the decrease in area. For example, in the districts of 
West Champaran, Darbhanga, Katihar, Saran and Muzaffaipur there has been 
a decrease in area and an increase in production. This has been due to the 
presence of fertile alluvial soils and a normal behaviour of monsoon, 
supported by an extended irrigation facilities. Besides these districts, there 
are 8 districts which accounted for a positive growth in production. The 
district of Khagaria stands at the top having 54 per cent growth rate, followed 
by Gopalganj and Begusarai districts, which have registered 28 and 17 per 
cent growth rate respectively. The remaining 5 districts namely, Saharsa, East 
Champaran, Madhepura, Siwan and Samastipur recorded growth rate between 
2 and 14 per cent. There are only 5 districts namely, Purnia, Madhubani, 
Bhagalpur, Sitamarhi and Vaishali which show a decrease in production. The 
district of Purnia recorded a decline in production to the tune of -50 per 
cent, while a marginal decline of -0.30 per cent that has been computed for 
the Vaishali district. Yield per hectare for cereals show a fluctuating 
behaviour which can be seen from the Table 3.4. 
Similarly, during 1990-95 to 1995-2000, there are 8 districts 
which show an increase in area in cereal crops, while in 12 districts there 
has been a decrease in area. The districts of Khagaria, Saharsa and Darbhanga 
show an increase in area between 24 and 26 per cent, the highest being 26 
per cent in Khagaria. The remaining 5 districts namely, West Champaran, 
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Madhubani, Sitamarhi, Madhepura and Vaishali recorded a positive growth 
ranging between 3 and 14 per cent, the lowest being in the Vaishali district. 
The rate of decrease in area of the crops concerned, during 1990-
95 to 1995-2000, is nominal in Gopalganj, Purnia, Katihar, Saran and 
Muzaffarpur districts, which is less than 1 per cent. The loss of area in 
cereal crops in the districts of Bhagalpur, East Champaran, Samastipur, 
Siwan, Begusarai, Araria and Kishanganj has ranged between 2 and 11 per 
cent. The negative growth rate that has been in Bhagalpur is due to the 
bifurcation of the district, which lost its nearly 60 per cent of the 
geographical area, which gone to the new district namely, Banka. The 
quantum of production has increased in all the districts during 1990-95 to 
1995-2000, except in two districts namely, Bhagalpur and Begusarai, which 
have recorded a negative growth of -27 and -15 per cent respectively. Yield 
per hectare of crop registered a negative growth in two districts namely, 
Begusarai and Darbhanga. The remaining districts of the region show a 
positive growth in yield per hectare. 
The overall trend of growth in area under the crops concerned 
during a span of last 15 years, i.e., from 1985-90 to 1995-2000 show a 
positive trend in 10 districts, while in 8 districts it shows a negative growth 
(Fig. 3.1). The district of Khagaria recorded the highest growth (56 per cent) 
which is followed by the district of Saharsa, with a growth of 42 per cent. 
There are 5 districts namely, Madhepura, Darbhanga, West Champaran, 
Sitamarhi and Vaishali where the rate of growth has ranged in between 5 and 
15 per cent, the lowest being in the Vaishali district. The positive growth in 
the remaining 3 districts namely, Samastipur, Gopalganj and Begusarai is 
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below 4 per cent. The district of Purnia recorded a decline in its area under 
cereals during a span of last 15 years which is followed by the district of 
Bhagalpur. The rates of decrease, computed for these districts, are -59 and 
-40 per cent respectively. The other districts which accounted for a decrease 
in area are : Muzaffarpur, East Champaran, Madhubani, Saran and Katihar. 
The marginal negative growth (-0.27per cent) has been recorded in the Siwan 
district. 
In case of production and yield per ha., the situation seems better. 
There are 15 districts which recorded an increase in gross production, and 
only 3 districts namely, Bhagalpur, Purnia and Begusarai show a decrease in 
output. The decrease in output in the districts of Purnia and Bhagalpur is due 
to their division and transfer of area to new districts in succeeding periods. 
Yield per ha. show a increasing trend in all the districts, except the district 
of Begusarai which has recorded a negative growth (Fig. 3.1). 
II. Districtwise Growth in Area, Production and Yield of Pulse Crops 
The districtwise changes in area, production and yield of pulse 
crops and their percentage growth rate during the three periods between 
1985-90 and 1990-95, 1990-95 and 1995-2000, and 1985-90 and 
1995-2000, have been shown in Table 3.5. It may be seen from the table, that 
there has been a decrease in area and production of pulse crops during the 
corresponding periods in the region. But yield has shown an increasing trend 
of growth. The area under pulse crops decreased at the rate of-14.97, -22.51 
and -34.12 per cent between 1985-90 and 1990-95, 1990-95 and 
1995-2000, and during 1985-90to 1995-2000 respectively, whereas the 
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Table 3.5 
Districtwise Changes of Area, Production and Yield of Pulse Crops in 
North Bihar Plain 
District 
1985-90 to 1990-95 1990-95 to 1995-2000 1985-90 (0 1995-2000 
Absolute 
change 
Percentage 
change 
Absolute 
changc 
Percentage 
changc 
Absolute 
change 
Percentage 
change 
1 2 3 4 5 6 7 
Awna A -0 80 -9 52 
P -1 24 -19 37 
Y 4)83 -10 91 
Begiisarai A -0 80 -9 76 -2 73 -36 89 -1 51 4 3 05 
P +0 90 +16 07 -2 12 -15 69 -1 42 -25 16 
Y +196 +28 74 +0 17 +1 94 +2 11 +11 21 
Bhagalpur A -11 60 -29 90 -15 60 -57 35 -27 20 -70 10 
P 4 20 -18 92 -6 20 -32 22 -10 0 4 5 04 
Y +0 89 +15 61 +1 90 +59 00 +4 79 +83 74 
Ch imparan EasI A -210 -13 53 -1 01 -20 61 -5 13 -31 35 
P +1 15 +911 -0 90 -6 55 40 25 +1 98 
Y +194 +26 18 +1 66 +17 75 +160 +48 58 
Champaran West A -2 60 -15 29 +6 46 +44 86 +186 +22 71 
P -042 -2 76 +4 74 +32 07 +4 32 +28 42 
Y +194 +14 76 +166 -12 18 +160 +48 58 
Darblianga A 0 0 0 0 -5 0 -34 72 -5 (X) -34 72 
P +185 +17 79 -4 68 -47 96 -2 80 -26 92 
Y +1 28 +17 73 4)42 -4 94 +0 86 +11 91 
Gopalgani A +0 80 +16 0 -181 -31 21 -101 -20 20 
P +10 +20 0 -1 50 -25 0 -0 50 -10 0 
Y +3 40 +0 91 +8 99 +I 27 + 12 70 
Katihar A -10 -1116 -1 40 -43 59 4 40 -50 0 
P +10 -19 23 -2 18 -18 19 -1 38 -26 54 
Y +2 04 +14 58 -K)74 +9 32 +2 78 +47 12 
Kliagana A -2 80 -34 54 -160 -22 22 4 40 4 4 0 
P +1 10 +2011 -2 10 -27 27 4)80 -12 50 
Y +4 88 +81 99 -0 69 -6 45 +4 19 +72 12 
K ishangaii) A + I 98 +55 0 
P -K)86 +28 67 
Y -1 42 -17 05 
h4adhepura A +2 80 +27 27 -5 56 4 9 64 -2 76 -32 86 
P +105 +20 19 -181 -28 96 -0 76 -1461 
-012 -5 42 +2 29 +41 04 +1 97 +1119 
Madhubani A +4 0 +40 0 -10 -2143 + 1 0 +10 0 
P -2 15 -18 86 •H)15 +1 62 -2 0 -17 54 
Y -4 80 -42 10 +1 94 +29 19 -2 86 -25 09 
(Contd ) 
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Table 1 5 (contd ) 
1 2 3 4 5 6 7 
Muzaffarpiir A -3 80 -29 63 -1 80 -23 68 -5 60 -49 12 
P -3 90 -37 50 +0 10 +154 -3 80 -36 54 
Y -1 07 -11 12 +2 82 +32 98 +1 75 +18 19 
Purnia A -15 80 -6124 -5 60 -56 0 -21 40 -82 94 
P -7 0 -47 95 -3 60 -47 37 -10 60 -72 60 
Y +1 95 +34 51 +149 +1961 +3 44 +60 88 
Saliarsa 1 Sahaisa A -3 40 -18 48 -2 0 -13 33 -5 4 -29 35 
P -0 95 -9 31 +0 79 +8 54 -0 16 -1 57 
2 Supaul Y +0 62 +11 19 +156 +25 32 +2 18 +39 35 
Saniastipur A -10 -24 53 -0 60 -27 50 -160 -2105 
P -0 80 -1143 +0 20 +3 22 -0 60 -8 57 
Y -K) 18 +195 +1 27 +13 52 +1 45 + 15 74 
Satan A -2 60 -24 76 -2 20 -27 50 -4 80 -45 28 
P -135 -12 73 -3 45 -37 29 -180 -45 28 
Y +1 56 +15 60 -156 -13 49 0 0 0 0 
Silanvulii 1 Silan\irhi A -60 -28 57 -190 -12 67 -7 9 -37 62 
P -1145 -54 01 +134 +13 74 -10 11 -47 68 
2 Shcohar Y -3 59 -35 58 +196 +30 15 -163 + 16 15 
Sn\an A 0 0 0 0 -2 60 -26 00 -2 60 -26 0 
P -3 0 -23 08 -0 60 -6 00 -3 60 -27 69 
Y -3 0 -23 0 +2 70 +27 0 -0 30 -2 31 
\^iishali A +120 +25 0 -3 17 -52 82 -197 -4104 
P •+0 30 +5 77 -195 -35 44 -165 -3173 
Y -167 -15 42 +3 38 +36 90 +1 71 + 15 78 
Total A -37 02 -14 97 -47 32 -22 51 -84 34 -34 12 
P -17 87 -9 51 -20 90 -12 28 -38 77 -20 62 
Y -K)48 +631 +107 +13 23 +1 55 +20 37 
A - Area (()()() ha ). P - Production (000 m loniies). Y - Yield (qnls/ha ) 
Sourcc Bihar 1 hrough Figures (1985-2000) Directorate of Statistics and E^alllallon Patna. 
Biliar 
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production recorded a negative growth of the order of -9.51, -12.28 and 
-20.62 per cent respectively. However, the yield increased upto 6.3 per cent 
during 1985-90 to 1990-95, while between 1990-95 and 1995-2000, and 
1985-90 and 1995-2000, the rate of increase has been 13 and 20 per cent 
respectively. 
From the districtwise details, it is evident, that during 1985-90 to 
1990-95, there are 4 districts namely, Madhubani, Madhepura, Vaishali and 
Gopalganj. which recorded a positive growth rate in area between the range 
of 16 and 40 per cent. The district of Madhubani has shown an increase in 
area to the extent of 4 thousand ha., while Gopalganj recorded a nominal 
increase i.e.. less than 1 thousand ha. The remaining districts of the region 
have recorded a negative growth. The greatest loss to the area was registered 
by Purnia district, which is about 16 thousand ha., with the growth rate of 
-61 per cent. There are 6 districts namely, Khagaria, Bhagalpur, Muzaffarpur, 
Sitamarhi. Saran and Samastipur where the decrease in area ranged between 
24 and 34 per cent. The remaining 5 districts of Saharsa, East and West 
Champaran, Katihar and Begusarai have recorded negative growth rate below 
-24 per cent. 
Production of pulses recorded a negative growth between 1985-90 
and 1990-95. The districts of Sitamarhi and Purnia show a decline in output 
with -54 and -48 per cent respectively. There are 9 districts namely, 
Muzaffarpur. Si wan, Bhagalpur, Katihar, Madhubani, Saran, Samastipur, 
Saharsa and West Champaran which registered a negative growth in 
production. The remaining 7 districts show an increase in gross output with 
the grov/th rate between 6 and 20 per cent. However, there are 2 districts of 
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Begusarai and East Champaran which show an increase in production inspite 
of a decrease in area under the pulse crops. The main reasons of decline in 
production are the occurrence of frost during winter season and waterlogging 
due to rain which often occurs with the retreating monsoon during the 
months of September and October. 
During 1990-95 to 1995-2000, the situation remained almost the 
same. In all the districts of the region there was a decrease in area under 
pulses, except the districts of West Champaran and Kishanganj. These 
districts show an increase in area in between 6 and 2 thousand ha. 
respectively. The growth recorded in these districts is 45 and 55 per cent. 
There are 4 districts namely, Bhagalpur, Purnia, Madhepura and Katihar 
wliich registered a negative growth rate in between -40 and -57 per cent. The 
districts of Begusarai, Gopalganj, Darbhanga, Samastipur, Saran, Khagaria, 
Madhubani, Muzaffarpur and East Champaran have recorded a decrease in 
between -20 and -40 per cent. The remaining 5 districts show a decline in 
area below -20 per cent. The greatest loss of area under pulse crops has been 
shown by the Purnia district, while the lowest in Siwan district. The 
production performance of pulses during the periods concerned is not so 
good. There are only 7 districts namely, West Champaran, Kishanganj, 
Sitamarhi, Saharsa, Samastipur, Madhubani and Muzaffarpur where the gross 
output of pulses increased, while the remaining districts show a decrease in 
production. However, the yield of crops in the region has increased. The 
districts which show a decrease in yield are namely, Araria, Darbhanga, 
Khagaria. Kishanganj, and Saran. In these districts, the decrease in average 
yield per ha. has been in between -5 and -13 per cent. 
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On the whole, the area and production during 1985-90 to 1995-
2000 have shown a decrease in all the districts of the region except the 
districts of East and West Champaran and Madhubani. The districts which 
show an increase in area under the pulses are : West Champaran and 
Madhubani.. Production of crops shows an increase in the districts of East 
and West Champaran. But the yield qnts./ha. recorded a positive growth in all 
the districts, except the districts of Madhubani and Siwan which show a 
decrease in average yield (Fig. 3.2). 
III. Districtwise Growth in Area, Production and Yield of Oilseeds 
The area under oilseeds in North Bihar Plain recorded a positive 
growth of 3.68 per cent between 1985-90 and 1990-95, which further 
increased to 4.95 per cent during 1990-95 to 1995-2000. An absolute 
increase in area has been between 4 and 6 thousand ha. during the 
corresponding periods. The overall growth of crop area between 1985-90 
and 1995-2000 is about 9 per cent, an absolute increase of 10 thousand ha. 
Production and yield show the same trend of increase. When considered it 
districtwise, it reveals a fluctuating tendency in area and production of the 
crops (Table 3.6). All the districts of the area did not show a positive growth 
in area under oilseeds. There are 9 districts which show a decrease in area. 
The district of Purnia accounts a negative growth with -56 per cent. In 3 
districts namely, Siwan, East and West Champaran the area decreased in 
between -6 and -20 per cent, and in 5 districts namely, Madhubani, 
Muzaffarpur, Saharsa, Samastipur and Khagaria it decreased to the extent of 
below -2.5 per cent. The remaining 9 districts show an increase in area. The 
district of Bhagalpur recorded a highest growth of 10 per cent. It is followed 
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Table 3.6 
Districtwise Changes in Area, Production and Yield of Oilseeds in North 
Bihar Plain 
Distncl 
198^-90 to 1990-95 1990-9=; to 1995-2000 1985-90 to 1995-2000 
Absolute 
change 
Percentage 
change 
Absolute 
change 
Percentage 
change 
Absolute 
change 
Percentage 
change 
1 2 3 4 5 6 7 
Arana A +0 23 x3 67 
P +0 55 +18 96 
Y +0 68 +14 78 
Begusarai A -K)71 -H517 -189 -15 48 -I 18 -10 29 
P +2 16 +17 45 -3 54 -24 53 -1 39 -11 31 
Y +1 14 +1064 -127 -10 72 -0 13 -121 
Bluigalpui A -Kr, +9 65 +171 +50 15 +2 01 +64 64 
P +0 27 +12 97 +1 60 +67 79 +1 87 +89 40 
Y -K)21 +3 13 +0 82 + 1185 +1 03 +15 64 
Champaran East A -0 37 -7 61 -0 39 -8 69 -0 76 -15 64 
P +0 15 +7 74 +0 94 +43 66 +1 09 +54 77 
Y -K)68 +16 63 +2 74 +57 44 +3 42 +83 62 
Champa ran West A -0 39 -5 72 +8 96 +140 0 +8 57 +126 21 
P -0 39 -9 09 +5 41 +140 0 +5 02 +118 12 
Y -K)68 -3 52 +2 74 0 0 +3 42 +83 62 
Darbhanga A +0 05 +1 59 -K)53 +15 59 +0 58 +17 42 
P +0 24 +13 44 -H)83 +40 66 +107 +59 12 
Y -K163 +1160 +1 32 +21 78 +1 95 +35 91 
Gopalgaii] A -H) 17 +3 80 -2 24 -49 45 -2 07 -47 48 
P +0 70 +35 80 -1 11 -4186 -0 41 -20 92 
Y +1 38 +3080 40 89 +15 19 +2 27 +50 67 
Kaliliar A +0 04 +0 68 +1 59 +29 23 +1 63 +30 18 
P +0 11 +3 72 +1 30 +42 58 +141 +47 63 
Y +<) 16 +2 89 +0 59 +10 48 +0 75 +13 71 
Kliagaria A -0 07 -170 +0 04 +0 97 -0 03 -0 77 
P -0 15 -4 81 +0 31 +9 59 +0 16 +5 09 
Y -0 26 -3 22 +0 75 +9 60 +0 49 +6 07 
Kisliangani A -0 08 -1 47 
P -0 48 -13 44 
Y -0 79 -12 29 
Madhepura A +0 09 +121 +0 19 +2 42 +0 28 +3 61 
P +0 26 +5 63 +0 66 +13 36 -K)92 +19 70 
Y +0 26 +4 32 +0 67 + 10 67 +0 93 + 15 45 
Madluibani A -009 -2 51 -0 94 -26 26 -103 -28 06 
P +0 03 +1 75 +0 32 +1921 +0 35 +22 01 
Y +0 i9 +4 38 +2 80 +61 81 +2 99 +68 89 
(Coiitd ) 
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Tabic 3 6 (conld ) 
1 2 3 4 5 6 7 
Mii/affarpur A -010 -2 05 +017 +3 62 +0 07 +146 
P +0 30 +12 89 +2 62 +98 49 +2 92 +123 73 
Y +0 75 +15 24 +5 20 +91 71 +5 95 +120 93 
Purnia A -11 89 -55 51 -1 08 -11 33 -12 97 -60 55 
P -5 99 -54 56 -0 26 -5 34 -6 25 -56 97 
Y +0 10 +1 95 +0 36 +<5 90 +0 46 +8 98 
Saharsa 1 Saliarsa A •0 16 -1 77 -2 61 -29 32 +2 45 +27 04 
P -015 -2 96 +1 90 +39 50 +1 75 +35 28 
2 Supaul Y -0 07 -1 28 +0 43 +7 96 +0 36 +6 58 
Samastipur A -0 17 -1 77 -1 30 -13 31 -147 -15 06 
P +0 69 +7 12 -162 -15 68 •0 93 -9 67 
Y +0 89 +9 04 •0 27 -2 51 +0 62 +6 29 
Saian A +0 24 +7 94 -0 34 -10 49 -0 10 -) 1 
P -0 06 -3 49 +0 69 +40 36 +0 63 +3^ 59 
Y -0 61 -10 66 +3 00 +58 82 +2 37 +40 10 
Sitamariu 1 Silainarlii -0 07 +2 51 +0 29 +1014 +0 36 +12 90 
-001 -061 -0 10 +<5 25 +0 05 +3 03 
2 Shcohar ^ 1 7 -2 88 -0 32 -5 59 -0 49 -8 32 
Sn\an A -1 20 -19 80 +0 46 +9 50 -0 74 -12 25 
P +0 47 +12 27 +0 14 +3 17 +061 + 15 60 
Y +2 58 +39 88 -0 52 -5 74 +2 06 +3184 
Vaishali A +0 03 +151 +0 67 +32 06 +0 70 +33 98 
P +0 06 +3 99 -0 29 -17 60 -0 23 -14 55 
Y +{) 19 +2 48 -2 95 -37 58 -2 76 -36 03 
Toicil A +4 11 +3 68 +5 72 +4 95 +9 83 +8 81 
P +4 45 +^ 5 01 11 14 14 19 + 15 59 +21 06 
Y +0 18 +2 73 +0 61 +8 99 -r0 79 + 11 97 
A Area (000 lui ) P - Production (000 m tonnes). Y - Yield (qnts/ha ) 
Source Bihar Fhrough Figures f]985-2000) Directorate of Statistics and Evaluation. Patna 
Bihar 
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by the districts of Saran and Begusarai, with a growth of 8 and 6 per cent 
respectively. As many as 5 distiicts namely, Gopalganj, Sitamarhi, Darbhanga, 
Vaishali and Madhepura recorded a positive growth rate in between 1 and 4 
per cent. A nominal growth has been registered in the Katihar district. 
In case of production of oilseeds, there are 6 districts namely, 
Purnia, West Champaran, Khagaria,Saran, Saharsa and Sitamarhi which 
recorded a negative growth rate, the highest being in Purnia (-55 per cent) 
and lowest in Sitamarhi (-0.6 per cent). There are 13 districts which show an 
increase in gross output of oilseeds. The district of Gopalganj recorded a 
highest increase of 0.7 thousand m tonne. The remaining 12 districts of the 
region accounted an increase in production of oilseeds in between 4 and 17 
pei cent. The average yield show a positive growth in all the districts, except 
the districts of West Champaran, Khagaria, Saran, Saharsa and Sitamarhi, 
where the average yield has decreased. 
During 1990-95 to 1995-2000 the district of West Champaran 
shows an increase in area to the extent of 8.96 thousand ha., with the growth 
rate of 140 per cent as compared to a negative growth which was recorded 
previously during 1985-90 to 1990-95. The other districts which show an 
improvement with respect to area devoted to oilseeds are namely, Siwan, 
Muzaffarpur and Khagaria. But some of the districts namely, Gopalganj, 
Begusarai and Saran lost the area during the above period, in comparison to 
the previous period. The remaining districts follow the same trend of growth 
as that was attained in the previous period. The districts of Bhagalpur, 
Vaishali, Katihar, Darbhanga, Sitamarhi, Araria and Madhepura have recorded 
a positive growth rate, whereas the districts of Saharsa, Madhubani, 
105 
Samastipur, Purnia, East Champaran and Kishanganj show a negative growth 
rate. 
The production during 1990-95 to 1995-2000 show an increasing 
trend in 14 districts, whereas the remaining 6 districts namely, Gopalganj, 
Begusaria, Vaishali, Samastipur, Kishanganj and Purnia, registered a negative 
growth. A positive growth rate in the district of East and West Champaran, 
Muzaffaipur, Bhagalpur, Katihar, Darbhanga, Saran, Saharsa, Madhubani and 
Araria ranged between 10 and 44 per cent. The other 4 districts namely, 
Madhepura, Khagaria, Sitamarhi and Siwan recorded a positive growth in 
production below 19 per cent. The Gopalganj district shows a sharp decline 
in production which is followed by the district of Begusarai. The decrease in 
production in these districts has been in between -42 and -25 per cent 
respectively. Average yield show an increasing trend in all the districts 
except the districts of Begusarai, Kishanganj, Samastipur, Sitamarhi, Siwan 
and Vaishali, where it is of negative order. 
During 1985-90 to 1995-2000, 9 districts recorded a positive 
growth rate, whereas an equal number of districts registered a negative 
growth rate in area. As many as 13 districts achieved an increase in 
production due to an increase in average yield. The highest growth of 124 
per cent has been registered in Muzaffarpur district which is followed by the 
West Champaran, where the increase recorded 118 per cent. The other 
districts which show an increase in production during a span of 15 years 
from 1985-90 to 1995-2000 are: Bhagalpur, Darbhanga, East Champaran, 
Katihar, Saran, Saharsa, Madhubani, Madhepura, Siwan, Khagaria and 
Sitamarhi. The districts which have recorded the negative growth are : 
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Purnia, Gopalganj, Vaishali, Begusarai and Samastipur, the highest being in 
the district of Purnia (Fig. 3.3). 
IV. Districtwise Growth in Area, Production and Yield of Cash Crops 
The area under cash crops in North Bihar Plain during 1990-95 to 
1995-2000 decreased to the extent of 12.5 thousand ha. and maintained a 
negative growth of -3.26 per cent against the positive increase of 35.24 per 
cent which was between 1985-90 and 1990-95. But the overall increase in 
area under the crops concerned gone upto 22.74 thousand ha. with 6.24 per 
cent growth rate. The production and yield per ha. followed the same trend 
as that it has been in case of area. During the period 1985-90 to 1990-95, 
production and yield increased, but between 1990-95 and 1995-2000, there 
was a decrease. However, the overall growth of cash crops shows an 
increasing order. 
It can be seen from Table 3.7, that out of 18 districts of North 
Bihar Plain, 13 districts achieved a positive growth in area devoted to cash 
crops. The highest positive growth of 300 per cent was registered by 
Begusarai district. The 3 districts namely, Gopalganj, Samastipur, and 
Darbhanga recorded a positive growth between 33 and 47 per cent, while in 
between the range of 12 and 22 per cent lie 6 districts namel}-', Sitamarhi, 
Katihar, Vaishali, West Champaran, Siwan and Saharsa, the other 3 districts 
of East Champaran, Bhagalpur and Madhubani recorded a growth rate which 
ranged between 3and 8 per cent. There are 4 districts namely, Purnia, 
Madhepura, Muzaffarpur and Saran, where there has been a decrease in area 
under cash crops. The highest decrease of 74.9 thousand ha. (-67.6 percent) 
was recorded in Purnia district. 
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Table 3.7 
Districtwise Changes of Area, Production and Yield of Cash Crops in North 
Bihar Plain 
District 
1985-90 to 1990-95 1990-95 to 1995-2000 1985-90 to 1995-2000 
Absolute 
change 
Percentage 
change 
Absolute 
change 
Percentage 
change 
Absolute 
ciiangc 
Peicentage 
change 
1 2 3 4 5 6 7 
Arana A -2 51 -5 70 
P +82 91 +28 93 
Y +23 92 +36 73 
Begusarai A +2 40 +300 0 -0 80 -11 11 +160 +33 33 
P •H58 0 +50 96 -61 40 -3165 +^ 5 60 +5 24 
Y -H5 94 +284 91 -62 26 -23 12 -55 32 -2107 
Bhagalpur A +0 40 +^25 -2 60 -38 24 -2 20 -34 37 
P -7 25 -6 30 +1525 +14 15 +8 0 +6 96 
Y -2123 -1182 +134 4 +84 82 +113 17 -r62 98 
Cliamparan East A +155 +8 07 -0 29 -140 +1 26 +6 56 
P +72 50 +1 33 -33 75 4 56 -20 50 -3 29 
Y -1781 -5 50 -12 16 -3 97 -29 97 -9 25 
Champa ran West A +8 20 +16 40 -5 0 -8 59 +3 20 +6 40 
P +682 85 +35 19 -12145 4 63 +561 4 +28 93 
Y -1781 + 16 14 + 19 53 +4 33 +82 18 +21 17 
Darbhanga A +120 +33 33 0 0 0 0 + 1 20 + •) ^ ^ ) 
P -2 50 -3 97 +6 10 +10 08 +3 60 +5 71 
Y -48 96 -27 98 +1271 +10 08 -36 25 -20 71 
Gopalgani A +7 90 +46 84 -7 70 -27 59 +1 20 +6 32 
P +630 35 +8172 4675 16 4 8 16 4 5 20 -5 86 
Y +96 41 +23 75 -142 51 -28 41 4 6 10 -11 35 
Katihar A +5 20 +18 98 •+6 15 +18 86 + 11 35 +41 42 
P +57 2 +27 38 +31 5 +13 88 +88 70 +52 24 
Y +7 66 +12 36 -2 97 4 2 1 +4 73 +7 63 
Khagana A 0 0 0 0 +0 20 +20 0 -H)20 +20 0 
P +2 60 +35 14 +1 40 + 14 0 +4 0 +54 05 
Y +26 0 +35 14 -5 0 -5 0 +210 +28 38 
Kishangan) A +4 43 +17 79 
P +26 41 +14 67 
Y -191 -2 64 
Madhepura A -3 0 -18 29 -3 22 -24 02 -6 22 -37 93 
P +54 55 +59 42 -35 31 -24 12 + 19 24 +20 96 
Y +53 24 +95 12 +<)14 ^ 1 3 +53 10 +94 87 
Madhubani A +0 20 +2 63 -120 -15 38 -10 -13 16 
P -19 45 -9 73 -54 15 -29 99 -73 0 -36 80 
Y -3168 -12 04 -39 96 -17 26 -7164 -27 22 
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Tabic 1 7 (could ) 
1 2 -1 J 4 5 6 7 
Mu/affarpui A -140 -12 07 -1 30 -12 75 -2 70 -23 0 
P -17 20 -7 99 -47 80 -24 14 -65 0 -30 20 
Y +8 60 +4 64 -25 36 -25 36 -16 76 -9 03 
Purnia A -74 90 -67 60 +1 73 +4 82 -73 17 -66 04 
P -569 25 -65 27 +40 64 +13 41 -528 61 -60 61 
Y +5 67 +7 20 +6 92 +8 20 +12 59 +15 99 
Saharsa 1 Saharsa A +2 35 +13 66 -2 72 -13 91 -0 37 -2 15 
P -9 9 -7 83 +51 15 +43 91 +41 25 +32 63 
2 Supaul Y -13 89 -18 90 +40 02 +67 16 +26 13 +35 56 
Samastipur A +5 8 +46 03 +19 +10 33 +7 7 +61 11 
P +37 05 +17 26 +2 85 +1 13 +39 9 +18 59 
Y -33 55 -19 70 -114 -8 34 -44 95 -26 39 
Saian A -02 -2 27 -2 0 -23 26 -2 2 -25 0 
P +8 75 +5 30 -106 15 -6109 -97 4 -59 03 
Y +14 53 +7 75 -99 61 -49 30 -85 08 -45 37 
Silamariii 1 Silaiiiarhi A +2 0 +22 22 +1 14 +J2 73 +3 4 +37 78 . 
P +83 15 +45 04 +90 05 +33 63 + 173 2 +93 82 
2 Shcohar Y +38 29 +18 67 +45 15 +18 55 +88 44 +40 68 
Sn\an A +16 +15 38 -1 2 -10 0 -H)4 +3 84 
P +63 35 +21 16 -68 55 -18 89 -5 2 -1 74 
Y + 1441 +T01 -29 89 -9 89 -15 48 -5 38 
Vaishah A +19 +16 10 +1 5 + 10 95 +3 4 +28 81 
P +3 9 +5 21 -19 5 -24 78 -15 6 -20 85 
Y -5 94 -9 37 -18 5 -32 21 -24 44 -38 5 
Total A +35 24 +10 14 -12 50 -3 26 +22 74 +6 54 
P +1652 25 +26 37 -682 31 -8 62 +969 94 +15 48 
Y +26 56 +14 73 -1144 -5 53 +15 12 +8 39 
A - Area (000 ha ) P - Production (000 m tonnes). Y - Yield (qnts/ha ) 
Source Bihar fhrough Figures (1985-2000). Directorate of Statistics and E\aluation. Patna. 
Bihar 
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The production of cash crops show an increasing -trend in ] 2 
districts of the region, while 6 districts show a decrease. In the district of 
Gopalganj the production increased upto 630 thousand m.tonnes with 82 per 
cent growth rate, which is followed by the districts of Madhubani, Begusarai 
and Sitamarhi with a rate of growth 59, 51, and 45 per cent respectively. The 
4 districts namely. West Champaran, Khagaria, Katihar and Siwan recorded 
the growth between 20 and 35 per cent. The districts, in which growth rate of 
production registered less than 20 percent are: Samastipur, Vaishali, Saran 
and East Champaran.Yield levels show an increase in 11 districts, while in 
remaining 7 districts there has been a decrease in average yield during 1985-
90 to 1990-95. 
Between 1990-95 and 1995-2000, the situation was somewhat 
different. Only 7 districts recorded a positive growth, while 13 districts 
show a decrease in area. The highest growth of 20 per cent has been 
registered in the district of Khagaria, but it increased only 0.2 thousand ha. 
as compared to Katihar district, where increase has been to the extent of 6 
thousand ha. under the cultivation of cash crops. In other districts, in which 
the area under cash crops has increased are: Kishanganj, Sitamarhi, Vaishali, 
Samastipur and Purnia. The districts of Bhagalpur, Gopalganj, Madhepura, 
Saran, Madhubani, Muzaffaipur, Saharsa, Begusarai, Eat and West Champaran, 
Siwan and Araria show a decrease in area. The highest negative growth of -38 
per cent has been in Bhagalpur district, while East Champaran recorded the 
lowest negative growth of-1 .4 per cent. 
As regards the production of cash crops there are 10 districts 
which show an increasing order. The highest growth in production is 
I l l 
recorded in Saharsa district which is followed by the districts of Sitamarhi 
and Araria, which has been of the order of 44, 34 and 29 per cent 
respectively. The lowest growth with a value of 1 per cent has been in 
Samastipur district. The remaining districts namely, Bhagalpur, Khagaria, 
Kishanganj, Purnia, Katihar and Darbhanga recorded a growth between 10 and 
14 per cent. The districts of Saran, Gopalganj, Begusarai, Madhubani, 
Vaishali, Muzaffarpur, Madhepura, Siwan and East and West Champaran 
registered a decrease in production of cash crops during 1990-95 to 1995-
2000. The district of Saran with a decrease of -61 per cent in production 
stands at the top, while the East Champaran district recorded the lowest 
negative growth of -5 per cent. The districts which recorded a decrease in 
area and production are also characterised with the decrease in yield of crops 
per ha. There are few exceptions, for example, in West Champaran and 
Purnia districts, where there are increases in yield inspite of decrease in 
area and production. On the contrary there are some districts namely, 
Katihar, Khagaria, Kishanganj, and Samastipur which show a decrease in 
average yield, in spite of the increase in area and production. 
The positive growth in area and production of cash crops, between 
1985-90 and 1995-2000 was recorded in 7 districts namely, Begusarai, West 
Champaran, Katihar, Khagaria, Samastipur and Sitamarhi, while only 4 
districts namely, Madhubani, Muzaffarpur, Purnia and Saran recorded a 
decrease both in area and production during the period under consideration. 
Some districts namely, Bhagalpur, Madhepura, and Saharsa, registered an 
increase in crop output against the decrease in area, and this has been due to 
increases in yield of crops. The districts, where there is a decrease in 
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production at the cost of an increase in area are : East Champaran, Gopalganj 
and Siwan (Fig. 3.4). 
The districts which show an increase in production mainly belong 
to the sugarcane and jute growing areas of the region. The eastern districts 
of Araria, Kishanganj, Pumia, Katihar, Saharsa and Madhepura, fomi the part 
of jute growing area of North Bihar Plain. Sugarcane is grown mainly in 
western part to include the districts of East and West Champaran, Saran, 
Siwan, Gopalganj, and a northern district of Sitamarhi and southern districts 
of Khagaria and Bhagalpur. Muzaffarpur, Vaishali and Samastipur are 
considered to be the main areas of tobacco cultivation. 
C. CROPPING INTENSITY 
Cropping intensity refers to the number of crops giown in an area 
during a particular year. It is the extent to which the net sown area is 
recropped or resown (Singh, 1997)"*. The pattern of crop intensification 
reveals the variations in cultivation of a crop in a given region and at a 
specific point of time. Cropping intensity is the magnitude of gross cropped 
area to its net cropped area. The total cropped area (gross sown area) as the 
percentage of net sown area gives an ideal index to ascertain the intensity of 
cropping, and it is a measure of agricultural efficiency (Singh, 1997)^. 
Therefore, cropping intensity implies the number of crops raised on an 
arable area during the agricultural year. For example, if one crop is grown in 
a field in a year, the index of intensity of cropping is assumed to be 100 per 
cent, meaning thereby a monoculture cropping, if two crops in a year are 
4 Singh. J.. Agricultural Development w South Asw, New Delhi. 1997. p. 300. 
5 Ibid. 
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grown, the index will be 200 per cent denoting as double cropped, and if, 
three crops a year are cultivated, it is considered a multiple cropping. 
Therefore, the higher the cropping index value, the higher the agricultural 
land-use efficiency and consequently lower the percentage of fallow land. 
The cropping intensity helps to understand the reflection of the 
state of functional reality of crop production. Cropping intensity, reflecting 
the existing level of crop distribution indicates also the magnitude, direction 
and the availability net area for cultivation. Therefore, the concept of 
cropping intensity has been as the functional determinant of agriculture in 
the study area. 
For the determination of cropping intensity a number of statistical 
techniques have been evolved and used by a number of scholars working in 
this field. A technique adopted by the Directorate of Agriculture, 
Government of India (1974)'' put it in an equation form which would be read 
as follows : 
^aio 
Croppmg Intensity = x 100 
K 
No 
where, 
a^ j = area under the ith crop in the jth year; 
a^ ,^ = area under the ith crop in the base year; 
Nj = net area sown in the jth year; and 
N„ = net area sown in the base year. 
6. Bansil. P.C.. Agricultural Statistics in India. New Delhi. 1974, pp. 30-90. 
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In order to determine the regional character of crop distribution in 
India, Bhatia (1945)"^ applied a method of location quotient, which may take 
the following form : 
Area of crop in an areal unit Area of crop in the entire region 
Total cropped area in the unit Area of all crops in the entire region 
Singh (1976)^, measured the crop concentration index for the state 
of Haryana. His formula would be read thus : 
C 
' P . 
where, 
C| = crop concentration index; 
P,,^ . = percentage of the crop 'a' to the total harvested area in an 
enumeration unit, and 
P.,J. = percentage of the crop 'a' to the total harvested area in 
the entire region. 
Mohammad and Sharma (1999)^, have measured the coipping intensity in Iran 
using the following formula : 
. G C A - N C A x 
= + ) X 100 
NCA 
where, 
C = cropping intensity; 
7. Bhatia. S.S., Patterns of crop concentration and diversification in India. Economic 
Geography, Vol. 41, 1965, pp. 39-56. 
8. Singh. J.. An Agricultural Geography of Haryana. Kurukshetra, 1976, p. 254. 
9. Mohammad, A. and Sharma, R.C., Levels of agricultural efficiency in Iran : a 
geographical analysis in planning perspective. The Geographer, Vol. 46, No. 2, 
1999. pp. 1-14. 
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GCA = gross cropped area; and 
NCA = net cropped area. 
The intensification of cropping in any region depends on a number 
of factors. The climatic regimes and soil characteristics are important out 
of them. The combined influence of these factors is responsible for the land 
use and intensity changes. 
In North Bihar Plain, cropping intensity has been computed for the 
period of 15 years, from 1985 to 2000, for three different points of time, 
i.e. .1985-90, 1990-95, and 1995-2000. During 1990-95, two new districts 
namely, Araria and Kishanganj, and during 1995-2000, another two new 
districts namely, sheohar and Supaul were created. The data for these 
districts are available for the period extending from 1990 and 1995. The 
total geographical area of the district of Bhagalpur has declined during the 
period, 1995-2000, because of bifurcation of it into the districts of 
Bhagalpur and Banka. A new district of'Banka' has not been incorporated in 
the study because it lies entirely south to the River Ganga. 
In order to determine the cropping intensity the gross cropped area 
was divided by the net sown area and the product, thus, obtained was 
multiplied by a value of hundred. The districtwise cropping intensity indices 
computed for North Bihar Plain shows, that, during 1985-90, the highest 
intensity is computed for the Katihar district (166.45 per cent), which is 
followed by Madhepura (161.29 percent), whereas the lowest intensity is 
found in Vaishali district (131.18 per cent). The cropping intensity values 
computed for all the districts of the region are given in Table 3.8 and have 
been grouped into three distinct categories: high, medium, and low. It may 
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Table 3.8 
Districtwise Cropping Intensity in North Bihar Plain 
District 1989-90 1990-95 1995-2000 
Aiaria - 147.67 146.28 
Begusarai 155.46 160.16 163.79 
Bhagalpur 136.92 117.15 125.16 
Champaran East 131.18 137.66 118.66 
Champaran West 144.44 150.19 145.58 
Darbhanga 152.48 173.57 148.68 
Gopalganj 159.73 158.86 166.23 
Katihar 166.45 164.37 170.51 
Khagaria 134.61 150.61 135.89 
Kishanganj - 137.93 137.81 
Madhepura 161.29 171.77 172.09 
Madhubani 131.64 130.76 139.32 
Muzaffarpur 158.52 150.91 146.44 
Purnia 148.38 144.60 143.78 
Saharsa 158.21 147.49 175.70 
Samastipur 133.68 145.04 147.26 
Saran 148.55 132.43 125.52 
Sheohar - - 164.28 
Sitamarhi 141.24 133.56 142.95 
Siwan 153.17 161.98 154.43 
Supaul - - 152.79 
Vaishali 131.18 154.91 160.65 
Source ; Bihar Through Figures (1985-2000) , Directorate of Statistics and 
Evaluation. Patna. Bihar 
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be seen from Fig.3.5, that the high intensity of cropping is found in western, 
central and southeastern parts to include the districts of Gopalganj, Siwan, 
Muzaffaipur, Saharsa, and Katihar. One district belonging to the southern part 
namely, Begusarai also possesses high intensity where the index value 
exceeds 152.95 per cent. Only 5 districts namely, Darbhanga, Saran, Purnia, 
West Champaran and Sitamarhi belong to the category having medium 
cropping intensity. These districts form part of central, southwestern, 
eastern. Western and northern parts of the plain. The low intensity is found 
in northern and southern parts of the region to include the districts of East 
Champaran, Madhubani, Vaishali, Samastipur, Khagaria, and Bhagalpur with 
an index value of below 141.18 percent. 
During 1990-95, there was a shift in position of districts with 
respect to cropping intensity. Crop intensification is highest in Darbhanga 
(173.57 per cent), which is followed by the districts of Madhepura and 
Katihar with the cropping intensity of 171.77 and 164.37 per cent 
respectively. The veiy low crop intensity is shown by the Bhagalpur district 
(117.15 per cent). The Saran and Gopalganj districts in Western part, Katihar 
in southeastern, Darbhanga and Madhepura in central and Begusarai in 
southern part have recorded a high crop intensification with an index value 
which exceeds 155.64 per cent (Fig.3.6). During 1990-95, the district of 
Darbhanga which belonged previously to medium category shifted to the 
category with high intensity. Scattered patches of medium intensity with 
index value ranging between 141.32 and 155.64 per cent lie to cover the 
entire region. Low intensity is found in 3 districts namely, Sitamarhi, East 
Champaran and Madhubani forming the northern part, one district of 
Kishanganj in northeastern part and 2 districts namely, Saran and Bhagalpur 
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in southern part of the region. The districts of Saran and Sitamarhi show a 
decline in crop intensity during 1990-95 as compared to the previous period, 
during which they belonged to medium category. The remaining districts of 
Vaishali, Muzaffarpur, Khagaria, West Champaran, Araria, Saharsa, 
Samastipur and Purnia were having the medium intensity. During this period 
the district of Khagaria shifted from low intensity to medium intensity. 
During 1995-2000, there was a further shift in crop intensity in 
North Bihar Plain. During this period, 7 districts have achieved high intensity 
and 6 districts exhibit low intensity. The remaining 9 districts have recorded 
the medium intensity. It may be seen from Table 3.8, that the district of 
Saharsa (175.7 per cent) was having a high crop intensity during 1995-2000, 
whereas the lowest intensity was found in East Champaran district (118.66 
per cent). During this period, the intensity value of the district of Saharsa 
improved being 147.49 per cent in 1990-95 to 175.7 per cent during 1995-
2000. It is evident from Fig.3.7, that high intensity of cropping is found in 2 
central districts namely, Saharsa and Madhepura, 2 southern districts of 
Vaishali and Begusarai, one eastern district namely, Gopalganj and one 
southeastern district of Katihar. Medium crop intensity is found in most of 
the districts lying in central and northern parts of the region. The West 
Champaran and Siwan districts in northwestern and southwestern parts also 
record medium intensity. The low crop intensity areas are scatterned over 
the plain. They include the district of Kishanganj which lies in northeastern 
part, Khagaria and Bhagalpur districts which form the southern part, and the 
East Champaran and Saran districts forming northern and southern parts of 
the plain. 
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TY 1 
A. THE CONCEPT OF PRODUCTIVITY IN AGRICULTURE 
The term productivity has been used with di f ferent meanings 
and with many conflicting interpretations. Sometimes it is considered 
to assess an overall ef f ic iency of a production system and expressed 
in the form of a ratio of output to input. In reality, product ion refers 
to the volume of output in relation to the resources used. Production 
in any enterprize can be increased by applying more resources with an 
intent ion of increasing productivi ty per unit. On the other hand, 
product ivi ty can be increased without increasing product ion by 
employing less inputs for the same production. But it is commonly 
agreed, that productivity is the ability of a production system to produce 
more in the economic sense and efficiently. Therefore , agricultural 
product ivi ty can be defined as a measure of e f f ic iency in a farming 
system which employs land, labour, capital and other related 
resources . 
In recent years, many attempts have been made to def ine the 
connotation of agricultural productivity. According to Dewett ( 1 9 6 6 ) \ 
"Productivity expresses the varying relationship between agricultural 
output and one of the major inputs l ike-land, labour or capital , other 
complementary factors remaining the same...". It may be born in mind 
that productivity is physical rather than a value concept . The 
connotation of agricultural productivity engaged the attention of many 
economists at the 23rd Annual Conference of the Indian Society of 
Agricultural Economics^. Some economists suggested, that the yield 
1. Dewctt. K.K. and Singh, G., Indian Economics. Delhi, 1966. p. 66. 
2. Regional Variations in Agricultural Development and Productivity, Indian Journal 
of Agricultural Economics. Vol. 19. No.l . 1964. PP. 168-266. 
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per hectare should be considered for expressing agricultural 
productivity. A number of objections v/ere raised against this view 
because it considers only one aspect-the land, which is just one factor 
of product ion, while other factors are also responsible for the 
product ion and, therefore, it was arbitary to attribute produativi ty 
entirely to land and expresses it in terms of output per hectare. It was 
suggested, for instance, that productivity should also be measured in 
terms of labour involvement in agriculture and dif ferent regions are 
compared on that basis. After a thorough discussion, it was generally 
agreed, that the yield per hectare may be considered to present the 
crop productivity in a particular region, and that other related factors 
of production be considered as the possible causes for the assessment 
of variat ions while comparing it with the other regions^. 
Pandi t( l 965)"^, has stated the connotation of productivity in economic 
terms, "Productivity is defined in economics as the output per unit of 
input. . . the art of securing an increase in output f rom the same input 
or of getting the same output from a smaller input". He fur ther 
suggested, that any increase in productivity, whether in industry or 
agriculture, is generally the result of a more ef f ic ient use of some or 
all the factors of production, viz., land, labour and capital. According 
to Saxon (1965)^ basically, productivity is a physical re lat ionship 
between output and the input which gives rise to that output. Horring 
3. Summan of group discussions, Regional Variations in Agricultural Development 
and Productivity. Indian Journal of Agricnltiiral Economics, Op.cit. 
4. Pandit. A.D.. Application of Productivity Concept to Indian Agriculture, 
Productivity. (A Special Issue on Agricultural Productivity), Vol. 6. Nos. 2 & 3. 
1965. p. 187. 
5. Saxcna. E A.. Special concepts of Productivity. Productivity. Op.cit., p. 266. 
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(1964)^, considered productivity in broad terms, to denote the ratio of 
output with one or all the associated inputs, in real terms. 
There are many other concepts of productivity, and still more 
ways of computing it. The Chairm.an of the International Commission 
on Agricultural Typology, Prof. Kostrowicki , invited di f ferent views 
on this problem by sending a quest ionnaire to over 100 scholars 
throughout the World, which embodied the fol lowing two questions: 
1. What methods, of measuring intensity of agriculture, should be 
applied in typological studies of various orders? 
2. What methods, measures, indices should be used to define land, 
labour and capital productivi ty of agriculture in typological 
studies of various orders? 
About f i f ty geographers f rom all over the world responded 
and suggested a number of approaches for the measurement of 
agricultural intensity and productivity. The Chairman of the 
Commission while evaluating d i f fe rent views pointed out, that a 
special study testing various methods and techniques to be used in the 
studies of various scale were needed^. 
Agricultural productivi ty has been looked f r o m d i f fe ren t 
points of view, such as productivity of land, labour and capital. These 
are considered to be the best known partial productivi ty ratios. 
6. Horring. J., Concept of Productivity Measurement on a National Scale, OECD. 
Documentation in Food and Agriculture. No. 27, Paris. 1964. p. 10. 
7. Proceedings of the hiternational Commission On Agricultural Typology 
(Unpublished), Warsaw, 1966. 
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A special attention may be focussed on the productivity of 
land, because it is the most permanent and f ixed among the three 
conventional categories of inputs in crop production (land, labour and 
capital) , and in recent times it has assumed more importance due to 
increas ing population pressure on limited land resources . It is 
simplest but in some respects it is most useful to examine agricultural 
product iv i ty considering the land as an input. Land on unit or regional 
basis expresses the yield of crops in terms of output, and from a regional or 
national point of view, it is desirable to secure the employment to a largest 
number of persons. 
Land productivity is obviously of prime importance as a deteiminant 
of the total food and crop production, whereas the productivity of labour is 
mainly important as a determinant of the income of the population engaged 
in agriculture. Labour productivity in agriculture has two important aspects. 
Firstly, it profoundly affects the national prosperity i.e., the national income; 
secondly, it determines the standard of living of the people engaged in 
agriculture^. National prosperity in economic perspective is largely 
synonymous with the high output per man-hour. Therefore, if a country 
intends to increase its prosperity it needs : (a) to encourage technical 
assistance and improvements to the labour population, which help to increase 
productivity in the agricultural economy, and (b) to stimulate a continual 
transfer of labour from low productivity to high productivity regions. So far 
as raising the farmer's standard of living is concerned there are two ways : 
either he may be paid more than the prevailing world prices for a given 
8. Yates. P.L.. Food land and Man power in Western Europe, London, 1960, p. 
149. 
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amount of work which he renders in cultivation, or the steps can be 
encountered to raise output e.g., productivity from the same resources. 
Output per man can be increased in an agricultural economy by two ways : 
(i) by giving each farm worker more land and livestock to look after, and (ii) 
by making each unit of land and livestock capable of yielding a bigger 
output'^. 
Land capability is of prime importance in countries with a high 
density of population when land resources are limited the principal means of 
raising production to keep pace with the growth of population is by raising 
yields per hectare. However, raising the productivity of land does not mean 
only raising the yield of individual crops. It encompasses the whole output 
of a farm or countiy in relation to the total area of the farm land, and may be 
raised also by changing the pattern of crop production towards more 
intensive systems of cultivation or adopting higher value crops. 
A distinction must be made between the measurement of 
agricultural output in terms of calories (or some other measurement of food 
values), and in terms of money values of output. For exmaple, if in temperate 
countries the cultivation on land is shifted from cereals to potatoes, the 
output per hectare in terms of calories of human food , is likely to be 
increased. But its productivity in terms of money values may be changed-up 
or down according to the relative prices of cereals and potatoes in marketing 
systems. Again, shifting land from the main crop potatoes to early season 
potatoes or to luxury vegetables may increase its productivity in money 
terms but it will certainly reduce the output in terms of calories. Pasture 
9. Ibid. p. 153. 
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lands used for grazing of animals will usually produce less calories for 
human food than if it is cropped with cereals for direct consumption will 
show a higher productivity in money values. 
The productivity of labour is somewhat more complex aspect than 
land productivity. Land productivit>' measures the income of the population 
engaged in agriculture, and can be examined in teims of output per worker. It 
takes into account all the labour which contribute efforts for agricultural 
production directly on the farm and that is used indirectly off the farm in 
producing the materials and rendering services'®. The labour input may be 
expressed as the total numbers in labour force or in order to take into 
account the intensity of labour as the number of man-hours worked in 
agriculture. Similarly, the total agricultural output may be taken as the gross 
farni output or it may be taken as the value added by labour and other factors 
in the agricultural sector i.e., the value of fertilizers, pesticides, fuels and 
other inputs from outside the agricultural sector, is substracted from the 
value of the output in order to determine the net contribution of the 
agricultural sector' ' . 
Labour productivity is in fact the most common form of agricultural 
productivity measurement, and is usually implied in economic discussions 
when no specific definition is given. As the output per man is one of the 
major determinants of the general level of economic welfare, labour 
productivity is a significant yardstick of economic progress. Various 
measurements of labour productivity may have specific uses in policy 
10. Dovrings. F., Productivity of Labour ni Agricultural Production, Agricultural 
Experiment Station Bulletin No. 726. College of Agriculture, University of 
. Illinois. Urbana, 1967. 
11. FAO. The State of Food and Agriculture. Rome. 1963, P. 98. 
129 
formations e.g., with regard to income distribution and occupational 
distribution of labour force, etc.^^. 
Increases in the productivity^ of land and of labour often go hand in 
hand. When crop yields are increased or the pattern of cropping intensified 
there is usually, although not always, an increase in output per man. 
Similarly, when improved methods are adopted to increase efficiency and 
raise labour productivity and farm incomes, there is often, as a secondary 
result, an increase in land productivity and total output. 
Capital productivity of agriculture is particularly complicated to 
compute and difficult to interprete. This is largely because of diversity of 
capital being utilised in agricultural production, for land purchase for land 
improvement, land reclamation, drainage, irrigation, farm buildings, 
mechanical power, machinery and implements, livestock, feeds, seeds, 
fertilizers, crop protection chemicals etc. The presence or absence, amount, 
quality and price of each factor of production varies spatially, affecting the 
relationships between them and their deployment on individual farms. These 
spatial patterns are not static, labour and capital being geographically 
mobile. The use of each production factor will not depend solely upon its 
availability. It will be influenced by technological, economic and social 
circumstances which peimit the substitution of one for another and in turn 
will be affected by their degree of divisibility. 
Estimates of capital productivity give relatively little guidance in 
ensuring the most efficient use of the limited capital resources. In part this 
is because the statistics of capital use in agriculture are less informative 
12. . Ibid. p. 98. 
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than those on land and labour, not because much of this investment, 
especially in less developed countries consists of non-monotized investment 
steming from the unpaid labour of the farmers themselves. The terracing of 
slopes, the bunding of paddy fields, the construction of imgation ditches are 
exmaples of this type of non-monotized investment which is of crucial 
importance for raising both output and productivity. This does nnot mean that 
capital is not of vital importance to agriculture. The requirement of fixed 
capital stock in agriculture - even excluding land - often appear to be greater 
in relation to the output than those of manufacturing industries and mining, 
though there are considerable differences between countries in methods of 
estimation. 
The productivity of livestock is again more difficult to measure than 
the productivity of land. The difficulty arises both in the measurement of the 
input and output. Much of the livestock production results in more than.one 
end product; cattle may produce milk, beef and hides, sheep may produce 
wool and meat etc. A comparison of the milk output of specialised daiiy 
cows with that of dual purpose animals kept for both milk and beef may be 
misleading. To aggregate the output of all livestock products, with suitable 
price weights, solves part of problems but not all of it, because of the 
widespread use of livestock, particularly in the less developed regiotis, for 
draught power. A complete accounting of the output would, therefore, also 
requires the inclusion of the draught power produced by livestock. The 
principal input is the capital represented by the livestock itself. Other inputs 
include the feeding stuffs which they consume, whether from grazing or in 
the farm of preserved or concentrated feeds, and the land which is as a 
pasture or crop land is devoted to livestock production. 
131 
The above measures of livestock productivity when combined shall 
not give a very satisfactoiy indication of productivity. The simplest and the 
most frequently used comparison of the livestock is the output of milk or 
meat per animal, which would be significant when cattle are of about the 
same size or weight. But if in any country the common breeds of livestocks 
are of large and in another small, differences between the average output per 
animal in two countries will in part reflect these differences in size rather 
than their relative efficiency. And since small cattle eat less, and since more 
small cattle can be kept on a given area, the total output of meat or milk per 
unit of feed or per hectare of land may be as high in one country as in the 
other. It could not then be said, that the average productivity of the large 
breeds was greater than that of the smaller breeds' 
The whole output from each hectare of land used for agriculture is 
known as the overall productivity of land. It is more significant than yields 
per hectare or livestock yields. The individual yields reflect only the 
efficiency of crop husbandly or livestock husbandly, the overall productivity 
also takes into account the marginal skill with which the various farm 
enterprises are integrated to increase the total farm output. The overall 
productivity reflects the opportunities to produce high value crop e.g., 
tobacco or in suitable climates or under irrigation to raise more than one 
crop per year from the same land. Thus, the countries with the highest total 
output per hectare appear to have an overall productivity some forty times 
greater than those with the least intensive agriculture'"'. 
13 Ibid, p 108 
14 Ibid, p n o 
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B. THE MEASUREMENT OF AGRICULTURAL PRODUCTIVITY 
The measurement of productivity is not a simple task as it involves 
a relationship between inputs and output in agricultural production. Input to 
agriculture itself is a complex thing which governs farming efficiency. 
Stamp (1960)'^, while attempting to measure crop productivity per unit area 
emphasized that areal differences in crop productivity are the result partly 
of natural advantages of soil and climate and partly of farming efficiency. 
Farming efficiency refers to the properties and qualities of the various 
inputs, the manner in which they are combined and utilised for production 
and effective market demands for the output. 
There is a substantial literature relating to the methological 
procedures for measuring productivity in agriculture. The measures of 
agricultural productivity which are most frequently understood are those of 
partial productivity and refer to the relation of a single input or a group of 
inputs to the total output or to a part thereof (yield per hectare, output per 
man-hour, and output per unit of capital). The data required to measure the 
productivity of a simple input are more likely to be available than those 
required for measures of overall productivity. Besides, the aggregate of total 
inputs may tend to obscure the effect of change in their composition. Many 
attempts have been made to measure the agricultural productivity in different 
countries of the world. 
Thompson (1926)^^, while measuring the relative productivity of 
British and Danish farming emphasized it in terms of gross output of crops 
15. Stamp. L.D., Our Developing WorldXon^on, 1960, P. 108, 
16. Thompson. R.J., The Productivit}- of British and Danish Farming, Journal of the 
Royal Statistical Society, Vol. 89, Part 11, 1962, p. 218. 
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and livestock. He considered seven parameters. They are : (i) the yield per 
acre of land; (ii) the livestock per 100 acres; (iii) the gross production or 
output per 100 acres; (iv) the production of arable land; (v) the number of 
persons employed; (vi) the cost of production expressed in terms of wages 
and labour costs, rent or interest; and (vii) price relative profitability and 
general economic conditions. 
Ganguli (1938)'^, in his study of the Ganges valley presented a 
theoretical discussion for computing productivity in agriculture. Firstly, he 
took into account the area under any crop 'A' in a particular unit area 
belonging to a certain region. This area is expressed as a proportion of the 
total cropped area under all the selected crops. Secondly, he tried to obtain 
the index number of yield. This is found by dividing the yield per hectare for 
the entire region as the standard. This yield may be expressed as a 
percentage and this percentage may be regarded as the index number of 
yield. Thirdly, the proportion of the area under 'A' and corresponding index 
number of yield were multiplied. There are two advantages which are 
apparent by using this method : (i) the relative importance of the crop 'A' in 
that unit of study is assessed as indicated by the proportion of the cropped 
/ 
area which is under A', and (ii) the yield of the crop 'A' in comparison to the 
regional standard. The product thus, obtained indicates actually an index of 
the contribution of the crop 'A' to the productivity of the unit considered. 
Kendall (1939)'^, taking the acre yield of ten leading crops in each 
of the forty-eight administrative counties in England for four selected years, 
17. Ganguli. B.N., Trends of Agriculture and Popidation in the Ganges 
f-a//e3'.Loiidon. 1938, p. 93. 
18. Kendall. M.G., The Geographical Distribution of Crop Productivity in England. 
Journal of the Royal Statistical Society Vol. 52. 1939. PP. 21-48. 
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initiated four coefficients : (i) productivity-coefficient, (ii) ranking 
coefficient, (iii) money value coefficient, and (iv) starch equivalent or 
energy coefficient. Of the four coefficients, the ranking coefficient is 
probably the easiest to calculate and v/hich gives a reasonable ranking of 
counties in order of productivity. To obtain the ranking coefficient, Kendall 
ranked each of the ten crops in the forty-eight counties in order of their 
yields, then the sum of the ranks occupied by the county was divided by the 
number of the crops considered to obtain the average rank of the county. 
Kendall's money value coefficient was based on the value of crop production 
of each county, which was obtained by multiplying the volume of production 
of a particular crop by the relative price, and thus results of the ten crops for 
each county were added together and the total was divided by the total 
acreage in the county under the ten crops. Kendall's energy coefficient is 
based on the total energy value of various arable crops expressed as starch 
after adding the proportions assignable to by-products and the energy index 
was constructed by ascertaining the production of energy for crops per acre 
on the basis of a prepared table showing the energy value of vairous crops. 
Kendall's money value coefficient possesses one major difficulty, 
that data for major crops were not available, for example, there are many 
vegetables and beans which are grown mostly for the consumption on the 
farms and their price data are not recorded in constrast to cereal crops 
whose data are adequate. While determining the money value coefficient, 
another difficulty arises with regard to the prices, for exmaple, which prices 
prevailing in the area should be adopted, or those prevailing in the region or 
in the country as a whole, in addition to the local variations in the prices 
which depend on circumstances like proximity to the market or the relative 
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nutritive character of the product. Significant differences in prices per tonne 
between the crops affect the final result heavily in favour of the higher 
priced commodity. In this method, the production of each unit area is valued 
by multiplying the volume of production of a particular crop by the price, 
and then add the results for the selected number of crops together. The total 
is divided by the total acreage in the unit area under the total selected crops. 
The result gives for each unit ai'ea a figure of money value per acre under the 
crops considered. So far as energy coefficient is considered as index based 
on nutritional factor ignores local variations because of the absence of the 
data. Kendall, therefore, suggests a starch equivalent coefficient as the most 
suitable method. While calculating a coefficient based on starch equivalent 
it should be decided : 
(a) Whether a gross or net digestible energy figure is to be taken; 
(b) Whether any allowance is to be made for by-products, such as wheat 
and barley straws or the green stalks of maize, jowar and bajra; and 
(c) whether any account should be taken of the fact that the energy in 
certain foods has first to be fed to livestock and then wheat and maize 
are to be used for human consumption. The basic question that arises in 
this technique is whether the gross starch equivalent of various crops 
should be considered or the net equivalent. Net energy refers to the 
amount of energy for work and body building, whereas gross figure 
includes the energy employed in the digestive process of the consuming 
animal and similar non-realisable forms. Kendall suggested, that the 
production of energy be preferred as the gross figure. 
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Hirsch (1943)'^, suggested 'Crop Yield Index' as the basis of 
productivity measurement. It expresses the average of the yields of various 
crops on a farm or in a locality relative to the yields of the same crops on 
another farm in a second locality. Zobel (1950)^°, has attempted to 
determine the labour productivity. He considered the productivity of labour 
as the ratio of the total output to the total man-hours consumed in the 
production of that output resulting in output per man-hour. This has been 
expressed by the following equation : 
7l = f (P , L) 
where, 
K = Productivity of labour; 
P = Production; and 
L = Labour utilized 
Huntington and Valkenburg (1952)^^, considered land productivity 
on the basis of acre yield of eight crops raised very widely in Europe. For 
each crop, the average yield per acre for Europe as a whole was taken as an 
index of 100, and the specific yield in each country was calculated 
accordingly. Stajnp (1952)^^, adopted Kendall's 'ranking coefficient' method 
by selecting twenty countries and nine crops for measuring agricultural 
efficiency in Em'ope. The countries were placed in order of output per acre 
19. Hirsch. H.G.. Crop Yield Index, Journal of Farm Economics, Vol. 25, No.3, 1943, 
P. 583. 
20. ZobcL S P.. On the Measurement of Productivity of Labour, Journal of American 
• Slalisnca! Society, Vol. 45, 1950. P. 218. 
21. Huntington and Valkenburg, Europe. New York, 1952. P. 102. 
22. Stamp. L.D.. The Measurement of Agricultural Efficiency with Special Reference 
to India. Silver Jubille Souvenir Volume, Indian Geographical Society, 1952, PP. 
177-78. 
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for each crop. The places occupied by each country in respect to the 
selected crops were then averaged, and from these averages, the ranking 
coefficient of agricultural efficiency of each country was obtained. If a 
countiy was at the top of ever>' list, it would have a ranking coefficient of 
one, and if it were at the bottom of every list, it would have a ranking 
coefficient equal to the number of countries considered. 
Another approach to measure productivity is to convert the total 
food production into calories. Quantitatively food requirements are 
generally estimated in terms of heat unit calories. A physiological calorie 
(also called kilocalorie and in abbreviated form as kcal) is the amount of 
heat necessaiy to raise the temperature of one kilogram of water by one 
degree centigrade. The caloric intake is a measure of the general health of a 
person which detemines the amount of heat and energy needed by the human 
body. 
Stamp (1958)^^, has taken calorific value of farm production for 
measuring agricultural productivity. He tried to compute the Standard 
Nutrition Unit (SNU) by converting all the food production per acre in 
calorie. The British Medical Association has carried out an exhaustive 
enquiiy based on all available sources and published a table to show the 
calorie intake among adults from 2,100 calories a day for a women in 
sedentary occupation to 4,250 calories for a man engaged in active manual 
work. For children the available intake is calculated at 800 calories a day for 
infants under one year to 3,400 calories for teenage boy. The average of the 
different calories worked out at 2,540 calories a day. Taking into 
23. Stamp. L.D., The Measurement of Land Resources. The Geographical Review. 
Vol. 48. No.l. 1958, PP. 110-16. 
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consideration the average age-structure of the population, the range of 
occupations, the weight and height of the people living under the climatic 
conditions of north-western Europe, the average is 2,460 calories a day or 
about 9,00.000 calories per year. Making allowance for a lose of 10 per cent 
in harvesting, cooking and food preparation the figure of 10,00,000 calories 
a year in terms of farm production may be accepted^'^. 
A Nutrition Expert Group of Indian Council of Medical Research 
has recommended the daily allowances of nutrients for the people living in 
India They have published a table to show the caloric intake among adults 
from 1,900 calories a day for woman in sedentary work to 3,900 calories 
for man engaged in heavy work. For children it was recommended 110 
calories per kg weight of the body per day for infants under one year to 
3,000 calories for teenage boy^^. 
Shafi (1960)^^, has calculated this under Indian conditions in the 
twelve villages of Eastern Uttar Pradesh. The net calorie intake ranges from 
1,800 calories a day (667,677 a year) to 2,175 calories a day (795,514 a 
year). According to him in no case it reaches the 9,00,000 calories 
postulated as the Standard Nutrition Unit. He concluded that in the well 
drained and irrigated villages of Eastern Uttar Pradesh the calorie intake per 
person amounts to about 2,000 calories a day. Where the calorie intake drops 
below 2,000 calories a day, both standard of living and standard of health are 
perceptibly below. 
24 Stamp. L D . Our Developing World, London. 1960. P 110 
25 Gopalan. C et a l . Nutritive Value of Indian Foods. National Institute of 
Nutrition. ICMR. Hyderabad, 1980 
26 Shafi. M . Land Utilization m Eastern Uttar Pradesh. Aligarh. 1960, P 222 
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Loomis and Barton (1961)^^, have measured United States 
agricultural inputs and productivity in aggregate. To them, aggregate 
productivity depends upon conceptually consistent measures of agricultural 
outputs and inputs. The measures of inputs include all the production factors 
that depend directly on the decisions of farmers. Meiburg and Brandt 
(1962)^^, have surveyed the earlier indices relating to the United States 
agricultural output, e.g., output estimates of total productivity. They 
considered eight indices of agricultural production which cover various 
phases of the period extending between the years 1866 and 1960. Mackenzie 
(1962)^'^, has measured the efficiency of production in Canadian agriculture 
by using the co-efficient of output relative to input. He mentions that the 
concept of productivity measurement is difficult to define and even more 
difficult to quantify. Oommen (1962)^°, while working out the trends of 
productivity in agriculture of the state of Kerala (India) has measured 
productivity on the basis of yield per acre. 
Enyedi (1964)^\ while describing geographical types of agriculture 
in Hungary used the following formula for determining agricultural 
productivity : 
27 Loonns. R.A. and Barton. G.T., Productivbity of Agriculture in the United States 
1870-1958, Technical Bulletin No. 1238, USDA, Washington, D.C. 1961, p. 1. 
28. Meiburg. C O. and Brandt, K., Agricultural Productivity in the United States, 
1870-1960, Food Research Institute Studies. Vol. 3, No. 2, 1962, P. 64. 
29. Mackenzie, W., The Impact of Technological Change on the Efficiency of 
Production in Canadian Agriculture, Canadian Journal of Agricultural 
Economics. No.l . 1962, p. 41. 
30. Commcn. M.A., Agricultural Productivity Trends in Kerala, Agricultural 
Situalion in India, Vol. 17, No.4, 1962, PP. 333-36. 
31. Enyedi. G.Y., Geographical Types of Agriculture, Applied Geography in 
Hungary. Budapest, 1964, P. 61. 
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Y T 
Yn Tn 
where. 
Y = total yield of the crop in the unit area; 
Yn = total yield of the crop at the national level; 
T = total cropped area of the unit; 
Tn = total cropped area at the national level. 
Honing (1964)^^, suggests that the concept of productivity is based 
not only on the simple relationship between output and input but rather on 
the differences between two or more relationships i.e., differences in the 
same agricultural region or sub-region as between successive periods (in 
time), and between similar agricultural regions in different countries or 
regions during the same period (in space). It may also be possible to make 
comparisons between the trends of productivity for different products, 
between different regions of the national economy or between the 
agricultural regions and national economy as a whole. 
The Indian Society of Agricultural Economic considered the 
problem and published a series of articles under the heading of 'Regional 
Variations in Agricultural Development and Productivity'-^-^ Among the 
contribution Chatterji and Maitreya (1964)^'', have determined the levels of 
agricultural development and productivity during 1950-51 to 1957-58 in the 
32. Horriiig. J.. Concept of Productivity Measurement in Agriculture on a National 
Scalc. OECD. Documentation in Food and Agriculture. 57, Paris, 1964, P. 10. 
33. Indian Journal of Agricultural Economics. Vol. 19. No.l, 1964, pp. 168-266. 
34. Chatterji. A. and Maitreya, P., Some Aspccts of Regional Variations in Agricultural 
Productivit^• and Development in West Bengal. Indian Journal of Agricultural 
fcrwo/77/ay.'Vol. 19. No.l, 1964. 207-12. 
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State of West Bengal considering two important crops of rice and jute. They 
took into account the acre yield figures for this purpose. Dhondyal (1964)-'^, 
has measured variations in agricultural development and productivity by 
selecting three representative districts from the three regions of Uttar 
Pradesh, while assessing the role of credit, intensive crop interprises, and 
the influence of irrigation during 1962-63. 
Sapre and Deshpande (1964)^^, modified the Kendall's ranking 
coefficient by giving a weightage to the area devoted to a number of crops. 
The weighted ranks of various crops are proportional to the percentage of 
crop land under each crop. For example, an enumeration unit 'A' has rank 2 
on the basis of wheat-acre-yield and occupies 30-per cent of the total 
cropped area, rank 3 on the basis of rice-acre-yield and occupies 25 per cent 
of the total cropped area, rank 8 on the basis of gram-acre-yield and 
occupies 10 per cent of the total cropped area. Thus, the weighted average of 
the ranks would be : (2x30) + (3x25) + (8x10) = 215 divided by the sum of 
the weights as 215/65 = 3.3. According to Kendall's method it would have 
been 2+3+8 divided by the number of crops as 13/3 =4 .3 . 
The Indian Society of Agriculture Statistics, organised a symposium 
on the topic 'Measurement of Agricultural Productivity' at the 17th annual 
conference of the society held at Jaipur (Rajasthan) in 1964. The research 
papers contributed by different scholars appeared in the society's journal, 
35. Dhomal. S.P., Regional Variations in Agricultural Development and Productivity in 
the Eastern and Western Regions of Uttar Pradesh. Indian Journal of 
Agricultural Economics, Vol. 19, No.l , 1964, PR 193-97. 
36. Sapre. S.G. and Deshpande, V.D., Inter-District Variations in Agricultural 
Efficicnc)- in Maharashtra State, Indian Journal of Agricuhural Economics, Vol. 
19. No.!.' 1964, R 243. 
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'Journal of the Indian Society of Agriculture Statistics' in the issue of 1965. 
Sharma (1965)^^, while defining the concept agricultural productivity has 
suggested various parameters on which it can be measured. According to 
him, productivity can be considered in relation to land, labour and capital. It 
can also be considered in terms of overall resources employed in 
agriculture. In case of commodities like foodgrains, fruits, vegetables, 
sugarcane and edible seeds, he suggested, that the output of these 
commodities be converted into calories. While considering the other non-
food crops such as cotton and other fibres the only common measures being 
the value which involves the pricing of different products. For evaluating the 
value of production, farm harvest or wholesale prices have the definite 
significance. He also emphasized agricultural workforce as the basis of 
productivity measurement, e.g., the total number of labourers employed (in 
order to account the intensity of labour) or the number of man-hours worked 
in agriculture per unit area. 
Khusro (1965)^^, has linked assessment of productivity with the 
output per unit of a single input and output per unit of cost of all inputs in 
the agricultural production. Saran (1965)'^, has applied Cobb Douglas, 
'Production function' approach for the measurement of productivity. The 
common purpose of this function is to express output/input relationship 
37. Sharma, J.S.. Measurement of Agricultural Productivity-Concepts, Definitions, 
etc.. Journal of Indian Society of Agricultural Statistics,No\. 27, No.2, 1965, 
PP. 253-57. 
38. Khusro- A.M., Measurement of Productivity at Macro and Micro Level, Journal 
of the Indian Society of Agricultural Statistics. Vol. 27, No.2, 1965, p. 278. 
39. Saran R.. Production Function Approach to the Measurement of Productivit\- in 
Agriculture. Journal of the Indian Society of Agricultural Statistics. Vol. 27. 
No.2. 1965. P. 268. 
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between several inputs and one output in the agricultural systems. The 
function takes the following form : 
Y — A Xj X2 Xj x^ — Xj^  
where, x,, x^, x^, x^.... x^^ denote various inputs, like land, labour, capital and 
other working expenses. The values of b, c, d.... y represent elasticities of 
the respective inputs. Tambad (1965 & has adopted 'Crop Yield 
Index' as the basis for measuring agricultural productivity. He advocates, that 
the purpose of this technique is to express the average yield of various crops 
on a farm or in a region relative to the yield of same crop on an another farm 
or in a second region. It can be expressed by the following equation : 
n Yi 
E Ai 
i=l Yio 
Crop Yield Index = 
n 
S Ai 
i=l 
where. 
i = 1,2,3,4.... n are the number of crops considered in an unit 
area or year; 
Yi = yield per acre of crop i in a farm area or year; 
Ai = the weightage of crop i denoted by the area under the crop as 
a percentage of total cropped land; 
Yio = the average yield per acre of crop i at the group of farms or 
entire region or the base year. 
Shafi (1965)'^\ has assessed the productivity on the basis of labour 
40. Tambad. S.B.. Spatial and Temporal Variations in Agricultural Productivit>- in 
Mysore. Indian Journal of Agricultural Economics, Vol. 20, 1965, P.41. 
41. Shafi. M.. Approaches to the Measurement of the Agricultural Efficiency. 
Unpublished Proceedings of the Summer School in Geography held at Nainital, 
Department of Geography, Aligarh Muslim University, Aligarh. 1965, P.4. 
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population engaged in agriculture. According to him, it can be computed by 
dividing the gross production in an unit area by the number of man-hours or 
less precisely by the number of persons employed in agriculture. In order to 
assess the productivity on the basis of population engaged in agriculture, it 
can either be obtained by dividing the total production with the number of 
workers, or a reverse index be adopted where the total number of workers 
per unit of production is assessed. 
Aggarwal (1965)'^^, has adopted 'Factorial Approach' while 
measuring agricultural efficiency in Bastar district of Madhya Pradesh (now 
forming the part of Chhatisgarh state). In this approach a number of human 
controlled factors influencing crop production, with the exception of 
environmental factors were selected. They are as ; crop superiority, 
crop commercialisation, crop security, land use intensity and power inputs. 
Buck (1937)'*^, assessed the agricultural progress in China by 
adopting the approach of 'Grain Equivalent'. For this purpose he converted 
all the agricultural products into kilograms of grain equivalent as a unit of 
measure a kilogram, with whatever kind of grain was predominent in the 
region. A modification in his method was made by Clark and Haswell 
(1967)"''', to express the output in terms of kilograms of 'Wheat Equivalent' 
per head of population. 
42. Aggarwal. P.C., Measurement of Agricultural Efficiency in Bastar District: A 
Factorial Approach, Unpublished Proceedings of the Summer School in 
Geography held at Nainital, Department of Geography, Aligarh Muslim University, 
Aligarh.1965. 
43. Buck. J.L.. Land Utilization in China, Vol. I, Nanking, 1937. 
44. Clark. C. and Haswell, M., The Economics of Subsistence Agriculture, London, 
1967. pp. 51-52, 
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Dovring (1967)'^^, attempted to measure the productivity of labour 
in the United States agriculture in terms of aggregate for period extending 
from 1919 to 1954 as well as commoditywise. Bhatia (1967)'^^, while 
examining the change and trends in agricultural efficiency in the state of 
Uttar Pradesh during the period 1953-63 adopted Ganguli's method of 
productivity measurement by devising a mathematical equation that would be 
read thus : 
(i) Yc 
lya = . 100 
Yr 
where, 
lya = the yield index of crop a; 
Yc = the average acre yield of crop a in the component unit; and 
Yr = the average acre yield of crop a in the entire region, and 
( 0 _ IyaCa+IvbCb+--IvnC„ 
E, 
where. 
E = the agricultural efficiency Index 
lya, lyb etc. = the indices of various crops 
C ,^ C^, etc. = the proportion of cropland devoted to different crops. 
Shafi (1967 and 1969)''^, applied Stamp's 'Standard Nutrition Unit" 
technique for measuring the efficiency of agriculture in India. He considered 
45. Dovring. F., Productivity of Labour in Agricultural Production, Agricultural 
• Experiment Station Bulletin No. 726, College of Agriculture, University of 
Illinois. Urbana, 1967. 
46. Bhatia. S.S., Spatial Variations Changes and Trends in Agricultural Efficiency in 
Uttar Pradesh, 1953-63, Indian Journal of Agricultural Economics. Vol. 22, 
No.l . 1967, pp. 66-80. 
47. Shafi. M.. Food Production Efficiency and Nutrition in India, The Geographer. 
Vol. J4. 1967, pp. 23-27. 
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distiict as the areal unit and selected all the food crops grown in India. Noort 
(193 considered 'Net Total Productivity' as a method for the 
measurement of field productivity and also to assess comparisons 'in time' 
or 'in space'. The purpose of this measure is to account changes in labour 
and capital inputs in agriculture. 
Sinha (1968)"^ ®, has adopted standard deviation formula to determine 
agricultural efficiency in India. In his study he selected all the 25 major 
crops grown in the country. These crops were grouped into: cereals, pulses, 
oilseeds and cashcrops, and the specific yields per hectare of cereals, pulses 
and oilseeds were taken into account. In case of cash crops, he considered 
the monetary values of the crops which were calculated (in Rs.) per hectare 
by incorporating the wholesale prices of the crops concerned. Finally, the 
standard scores were computed and to give them weightage, the computed 
values were multiplied by the average figures i.e., the area cultivated under 
the crops. 
Shafi (1972)^°, while measuring the productivity of the Great Indian 
Plains attempted to modify the Enyedi's formula. In the modified form of 
the formula, the summation of the total yield of all the crops in the district 
is divided by the total area under the crops considered in the district, and the 
position thus obtained is examined in relation to the total yield of all the 
crops considered at the national level divided by the total area under those 
48. Noort. P.C. Van den, Agricultural Productivity in Western Europe, Netherlands 
Journal of Agricultural Science, Vol. 15, No.2, 1967, p. 166. 
49. Sinha. B.N., Agricultural Efficiency in India, The Geographer, Special Number. 
21. IGC. Vol. 15, 1968, pp. 101-27. 
50. Shafi. M,. Measurement of Agricultural Productivity of the Great Indian Plains, 
The Geographer, Vol. 19, No.l, 1972, pp. 7-9. 
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crops. The formula would be read thus : 
[(yw/t)+(yi-/t)+(ym/t)....n] : [(Yw/T)+(Yr/T)+(Ym/T)....n) 
n 
l y 
t 
OR 
n 
SY 
where, 
yw;yr,yin...n 
Yw,Yr,YiTi...n 
t 
T 
= total yield of various crops in the district; 
= total yield of various crops at the national level; 
= total area under different crops in the district; 
= total area under different crops at the national level. 
Singh (1972)^\ attempted to measure the agricultural efficiency of 
the state of Haryana in terms of nutrition unit per unit area. He has tried to 
measure the carrying capacity per square mile in the unit area, which can be 
expressed as : 
Co 
Cp = 
Sn 
where. 
Cp = carrying capacity; 
Co = calorie output per square mile; 
Sn = Standard nutrition for ingestion in calories per person/annum 
Singh expressed it as a percentage of the carrying capacity in the 
entire region to obtain index numbers, which is meant to give a measure of 
51. Singh. J.. A New Technique for Measuring Agricultural Efficiency in Haryana, 
The Geographer, Vol. 19, No.l, 1972, pp. 14-33. 
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the agricultural efficiency of the areal unit relative to the entire region. The 
above may be expressed in the following form : 
Cpe 
lae = X 100 
Cpr 
where, 
lae = the index number of agricultural efficiency of an enumeration 
unit; 
Cpe = the cariying capacity in terms of population in the component 
enumeration unit; 
Cpr = the carrying capacity in the entire region. 
The participants to the Indian Society of Agricultural Statistics in 
its 30th Annual Conference held at Bhubneshwar (Orissa) in India, discussed 
some aspects on agricultural productivity in the Indian context^^. Raheja et 
al. (1977)^\ have measured the impact of high-yielding varieties of seeds 
based on the data collected under the scheme 'Sample Surveys for 
Assessment of High-Yielding Varieties Programme', during 1973-74 and 
regional variations in productivity on the basis of yield per hectare in India. 
Singh et al. (1977)^'', have accounted for the levels of increase in the yield 
of different crops during three decennial years i.e., 1950-51, 1960-61 and 
1970-71 in each state of India, considering the relationship between the 
output of foodgrains and related inputs like the application of fertilizers, 
proportion of area sown more than once and gross irrigated area. 
52. Symposium on Regional Imbalances and Economic Development with Special 
Reference to Agriculture, Journal of the Indian Society of Agricultural 
Statistics. Vol. 19, No.l, 1977, pp. 109-24. 
53. Raheja. S. et al., Factors Contributing to Regional Variations in Productivity and 
Adoption of High-Yielding Varieties of Major Cereals in India, Journal of the 
Indian Society of Agricultural Statistics. Vol. 29. No.l, 1977. pp. 112-13. 
54. Singh. D. et al.. Crop Productivity Variation in India. Journal of the Indian 
Society of Agricultural Statistics. Vol. 29. No.l. 1977. pp. 113-15. 
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Nangia et al. (1977)^^, conducted a field survey in the village 
Khandewala of Haiyana state. The study takes into account the productivity 
levels at different fields of the village in terms of money value during 
1974-75 and a number of factors enumerated in three broad categories, viz. 
environmental, institutional and technological which hold responsiblities for 
the productivity variations. 
Bhalla (1978)^^, has considered output per person considering the 
constant average prices for measuring productivity of labour in Indian 
agriculture by selecting ninteen crops during the period of two trienniums 
1962-65 and 1970-73 for each district of India. 
Singh (1979)^^, devised a method of presenting a two dimensional 
picture of agricultural productivity comprising two components, viz., 
intensity and spread considering three variables (i) yield; (ii) grain 
equivalent; and (iii) cropping system for each of the district of the state of 
Andhra Pradesh. Accordingly, a relative share of intensity and spread for 
each micro unit (district) has been computed to the macro unit (state) 
separately for the above thi'ee variables with the help of equations that he has 
derived in his study. 
Considering the merits and demerits of the techniques considered 
the author feels that Yang's Index of agricultural productivity is the most 
suitable and hence the present study is based on Yang's Index as the measure 
of agricultural productivity in the area under consideration. 
55. Nangia. S. et al., Variations in Field Productivity - A Cash Study of Khandewala, 
Haryana. Occasional Papers No. 7 (Mimeo), Centre for the Study of Regional 
Development, Jawaharlal Nehru University, New Delhi, 1977. 
56. Bhalla. G.S.. Spatial Patterns of Agricultural Labour Productivity, Yojana. Vol. 22. 
No.3. 1978, pp. 9-11. 
57. Singh. VR.. A Method for Analying Agricultural Productivity : In (Ed. J.T. 
Coppock) Agriculture and Food Supply in Developing Countries Published for 
the Commission on World Food Problems and Agricultural Productivity of the IGU, 
Department of Geography. University of Edinburg. 1979. pp. 43-5 1. 
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C. SPATIO-TEMPORAL VARIATIONS IN AGRICULTURAL 
PRODUCTIVITY IN NORTH BIHAR PLAIN 
The productivity indices have been calculated by adopting a 
statistical technique initiated by Yang (1965)^^, because it has its relative 
merit over other methods. It not only gives weightages to the real extent of 
crops but also is applicable in the agricultural realities of the developing 
world. Moreover, it is explicitly a relative index of productivity which 
measures productivity levels of units of observation with reference to 
regional yield. The productivity indices have been computed for three 
different periods, i.e., 1985-90, 1990-95 and 1995-2000. For each period, 
moving averages were obtained by taking five successive years, for 1985-90, 
five years data (1985-86, 1986-87, 1987-88, 1988-89 and 1989-90). For 
calculating agricultural productivity, seventeen major crops grown in the 
region were considered. They were grouped into as : cereal crops - rice, 
wheat, maize and barley; pulse crops - gram, masoor, arhar, khesari and 
peas; oilseed crops - mustard and rapseed, sesamum, linseed and sunflower; 
and cash crops - sugarcane, potatoes, jute and tobacco. The data were 
collected from Annual and Season Crop Reports, Bihar Through Figures 
and official records of the Directorate of Statistics and Evaluation, Patna, 
Bihar. 
Yang's crop yield index method deals with the calculating of index 
on the average yield basis of different crops selected for enumeration on an 
unit area and the yield of those crops in the entire region. The procedure for 
calculating the crop index for West Champaran district is explained in 
58, Yang. W.Y.. Methods of Farm Management Investigations for Improving Farm 
Productivity, FAO, Agricultural Development Paper No. 80, Rome, 1965. 
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Table 4.1. 
Table 4.1 
Method of calculating Crop Yield Index of West Champaran District 
Crop Yield in quintal Area under Crop yield in Percentage 
per hectare crop in the the district multiplied by 
Average Average district as a percentage area 
yield in yield in (in '000' of the entire 
the the hectare) region 
entire district col.3 (col.5xcol.4) 
region xlOO 
col.2 
1 2 3 4 5 6 
Rice 10.52 13.21 199.4 125.57 25038.65 
Wheat 16.15 16.14 81.4 99.93 8134.30 
Maize 15.91 16.52 9.2 103.83 955.23 
Barley 8.39 10.0 2.2 119.18 262.19 
Total 292.2 34390.37 
Crop Index for West Champaran District 
34390.37 / 292.2 = 117.69 per cent 
The average yield of each of the crop grown in the entire region should be 
determined initially, later on, a value in percentage is obtained by dividing 
the yield per hectare of crop in the particular district by the average yield of 
the crop in the entire region. This value gives the index number as shown in 
col. 5 of Table 4.1. By considering the area devoted to each crop as a weight 
and multiplying this with the percentage index, the product is obtained which 
is given in col. 6 of the Table 4.1. By adding the products, and dividing the 
sum of the products by the total cropped area (the sum of col. 4), the average 
index obtained is the desired crop index for that particular district. The 
computed values of productivity indices for each district of the region are 
given in Appendix D. 
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I. Crop Productivity Regions - 1985-90 
On the basis of productivity indices computed for the districts of 
North Bihar Plain have been grouped into three distinct categories i.e., high, 
medium, and low. The number of districts in each categoiy have been shown 
in Table 4.2, and the productivity regions demarcated in Figs.4.1 to 4.5. 
Table 4.2 
Districts Forming Different Productivity Regions - 1985-90 
Productivity Cereals Pulses Oilseeds Cash crops 
Categon- Indices No. of Indices No. of Indices No. of Indices No. of 
District District District District 
High Above 7 Above 6 Above 6 Above 5 
105.53 115.28 108.29 105.94 
Medium 94.39 to 4 98.06 to 5 89.79 to 6 88.24 to 7 
105.53 115.28 108.29 105.94 
Low- Below 7 Below 7 Below 6 Below 6 
94.39 98.06 89,79 88.24 
(i) Productivity Regions-Based on Cereal Crops Yield Index 
Cultivation of cereal crops constitute the most important position 
in agriculture of the region. They occupy about 4006 thousand ha. (75.73 
per cent) of the total cropped area. The districtwise productivity shows, that 
the highest productivity is occupied by Samastipur district with an index 
value of 118.08, whereas Katihar has the lowest value index value of 86.05 
during 1985-90 (Appendix D). It may be seen from Fig.4.1, that high 
productivity region spreads over the western districts namely, East and West 
Champaran, Gopalganj, Saran, Siwan and two southern disfricts of Samastipur 
and Begusarai of the region, while medium productivity region comprises 
the Bhagalpur and Khagaria districts lying in the southern part and the 
districts of Madhubani and Darbhanga to form the northern part where the 
productivity index values range between 105.53 and 94.43. However, the low 
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productivity areas are found in central and eastern parts of the region to 
include the districts of Sitamarhi, Muzaffaipur, Vaishali, Saharsa, Madhepura 
and Katihar. 
(ii) Productivity Regions Based on Pulse Crops Yield Index 
Cultivation of pulse crops covers about 247.2 thousand ha. (4.67 
per cent) of the total gross cropped area. The high productivity region is 
mainly confined to the western districts of the region, except the district of 
Gopalganj, which falls in medium productivity region. The medium 
productivity comprise two districts in northwestern part are namely. East 
Champaran and Gopalganj, and three central districts namely, Madhubani, 
Darbhanga and Samastipur where the index value ranged between 98.06 and 
115.28. 
The region characterised with low productivity forms a compact 
block to cover the western part to include the districts of Purnia, Katihar, 
Saharsa. Madhepura, Bhagalpur, Khagaria and Begusarai. The productivity 
indices computed for the districts of this region have the index value below 
98.06. The highest productivity index with a value of 141.16 place the 
district of Siwan at the top, while the lowest value of 82.93 is for the 
Bhagalpur district. 
(iii) Productivity Regions - Based on Oilseed Crops Yield Index 
Cultivation of oilseeds constitutes an important position in the 
agricultural economy of North Bihar Plain.They occupy 111.51 thousand ha. 
of the cultivated area, accounting for about 2.11 per cent of the total cropped 
area of the region. Figures shown in Appendix D indicate that the highest 
index value of 139.84 is assigned to the Begusarai district and the lowest is 
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computed for the district of Muzaffarpur (69.79). It can be seen from 
Fig.4.3, that the districts lying in the southern part of the North Bihar Plain 
foiin a continuous belt, extending east to west, to be designated as the high 
productivity region. These districts are namely, Bhagalpur, Khagaria, 
Begusarai, Samastipur and Vaishali. One more district of West Champaran of 
northwestern part may also be included which possesses a value equal to high 
productivity. 
The districts of Sitamarhi, Madhubani, Darbhanga, Saharsa, 
Madhepura and Siwan of central and northern parts form a compact block of 
medium productivity, except the district of Siwan, which lies in western part 
of the region. The productivity indices values for these districts range from 
89.79 to 108.29. The remaining six districts of Purnia and Katihar lying in 
the eastern part, and Muzaffarpur, Saran, East Champara, and Gopalganj 
forming the western part form two separate tracts of low productivity with 
an index value below 89.79. 
(iv) Productivity Regions-Based on Cash Crops Yield Index 
Cash crops foim the second most important group in the cultivation 
to cover 347.6 thousand ha. (6.57 per cent) of the total cropped area. During 
1985-90, the highest index value of 126.53, was computed for the district of 
Begusarai, to be designated as high productivity area and the lowest obtained 
for the Khagaria district (68.65) Appendix D. It can be seen from Fig.4.4, 
that there are five districts, namely, Begusarai, Samastipur, Madhubani, East 
Champaran and Gopalganj, which have high crop productivity with the index 
value more than 105.94. 
158 
-rt 
oil 
159 
The cultivation of cash crops foiins a narrow belt bearing a medium 
productivity in the districts of lying in the southern and southwestern parts 
of the region. A tract bearing S-shape of medium productivity can be 
recognized in central and northeastern parts to include the distiicts of 
Darbhanga, Saharsa and Purnia. The district of West Champaran lying in the 
northwestern portion of the region also forms a part to belong to medium 
productivity area. The low productivity region makes two separate blocks to 
include the districts of Katihar, Bhagalpur. Khagaria, Madhepura, 
Muzaffarpur and Sitamarhi. 
(v) Productivity Regions-Based on Composit Yield Index 
To determine the overall pattern of agricultural productivity during 
1985-90, a composite index was computed considering all the crops which 
formed each group. Productivity regions considering all the crops are shown 
in Fig.4.5, and the number of districts with their names included in each 
categoiy are given in Table 4.3. 
Table 4.3 
Agricutural Productivity Regions - Based on Composite Index 
1985-90 
Productivity 
categoiy 
Crop Index No. of 
District 
Name of District 
High Above 105.75 4 Samastipur, Begusarai,West 
Champaran, Siwan 
Medium 95.63 - 105.75 7 East Champaran, Gopalganj, 
Vaishali, Madhubani,Saran, 
Darbhanga, Sitamarhi 
Low Below 95.63 7 Muzaffarpur, Saharsa, 
Bhagalpur, Madhepura, 
Khagaria, Purnia, Katihar 
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An analysis of productivity based on composite index shows that 
high productivity areas spread over the four districts namely. West 
Champaran, Siwan, Samastipur and Begusarai with the index values over 
105.75. 
The medium productivity region forms almost a circular band with a 
low productivity area lying in its centre. The medium productivity region 
consists of the districts of Vaishali, Saran, Gopalganj, East Champaran, 
Sitamarhi, Madhubani and Darbhanga. Almost all the districts lying in the 
eastern part forms a compact zone of low productivity with the index value 
of below 95.63. These districts form a continuous belt along the course of 
the river Kosi which affects crop productivity adversely by the occurrence 
of frequent floods in the area. 
II. Crop Productivity Regions - 1990-95 
During this period, two new districts of Araria and Kishanganj were 
created which have been included in the study. With the computation of 
productivity for all the districts of North Bihar Plain, the productivity 
indices have been categorised in different groups and are shown in Table 4.4. 
Table 4.4 
Districts Forming Different Productivity Regions 1990-95 
Pulses Oilseeds Cash crops Productivity Cereals 
Categon- Indices No. of Indices No. of Indices No. of Indices No. of 
District District District District 
High Abo^•e 
105.98 
4 Above 
111.79 
5 Above 
107.09 
4 Above 
106.74 
5 
Medium 91.80 to 
105.98 
10 97.37 to 
111.79 
9 88.33 to 
107.09 
11 91.90 to 
106.74 
10 
Low Below 
91.80 
6 Below 
97.37 
6 Below 
88.33 
5 Below 
91.90 
5 
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(i) Productivity Regions - Based on Cereal Crops Yield Index 
Cereals, the most important crops grown in the region, occupy 
about 4024 thousand ha. and share about 75 per cent of total cropped area. 
During this period, the highest index value of productivity is found in the 
district of Begusarai (131.69), and the lowest value is for the district of 
Bhagalpur (72.17), Appendix D. It is evident from Fig.4.6, that the region of 
high productivity based on cereal crops lies in western part of the plain to 
include the districts of West Champaran, Gopalganj and Siwan. Two districts 
namely, Madhubani and Begusarai also belong to high productivity region 
lying in northern and southern parts of the region respectively. 
The medium productivity regions based on cereal crops with an 
index value from 91.9 to 106.74 are found in eastern part to include the 
districts of Kishanganj, Araria, Purnia, Katihar and Madhepura. The two 
western districts namely. East Champaran and Saran and two districts namely, 
Darbhanga and Samastipur also have medium productivity. There are five 
districts which possess low productivity indices. The districts of Sitamarhi, 
Muzaffarpur and Vaishali form a narrow belt of low productivity. The 
remaining two districts of low productivity with an index value below 91.9 
are Saharsa and Bhagalpur. 
(ii) Productivity Regions - Based on Pulse Crops Yield Index 
Productivity regions demarcated on the basis of pulse crops are 
shown in Fig.4.7, and the number of districts belonging to each category are 
given in Table 4.4. It may be seen from Fig.4.7, that high productivity with 
respect to pulse crops and with an index value of more than 111.79 forms a 
crescent-shaped belt extending to cover the districts of East and West 
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Champaran and Saran in the western part of the region. There are the distiicts 
of Kishanganj and Khagaria which are detached from the main region. 
There are two main regions of medium productivity with regard to 
pulse crops in North Bihar Plain where the index values range between 97.37 
and 111.79. One region lies in central and southern parts which includes the 
districts of Muzaffarpur, Darbhanga, Vaishali, Samastipur and Begusarai, and 
the other lies in the western part extending over to cover the districts of 
Gopalganj and Siwan. There are two more districts of Araria and Katihar 
which have medium productivity and lie in a detached form from the main 
region. The low productivity region forms a continuous belt which spreads 
over the districts of Sitamarhi, Madhubani, Saharsa, Madhepura, Purnia and 
Bhagalpur from north to south. 
(ill) Productivity Regions - Based on Oilseed Crops Yield Index 
Oilseeds account for only 2.16 per cent of the total cultivated area 
of North Bihar Plain. Only a small area of the region shows high productivity 
of oilseeds with an index value of more than 107.09. It is evident from 
Fig.4.8, this region spreads over to cover the southern districts of Vaishali, 
Samastipur, Begusarai and Bhagalpur. Medium productivity areas of oilseeds 
cultivation extends with over large parts of the index value in between 88.33 
and 107.09 to include the districts of West Champaran, Gopalganj, Siwan, 
Muzaffarpur, Sitamarhi, Madhubani, Darbhanga, Saharsa, Madhepura, 
Khagaria and Kishanganj. The low productivity in oilseeds cultivation is 
found in eastern districts of Araria, Purnia and Katihar and two western 
districts namely, East Champaran and Saran with an index value which is 
below 88.33. 
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(iv) Productivity Regions - Based on Cash Crop Yield Index 
Cash crops constitute an important share in crop cultivation in 
North Bihar Plain and therefore, may be regarded as the second ranking 
crops which cover about 7.16 per cent of the total cropped area in the 
region. Fig.4.9 shows the productivity regions of cash crops and Table 4.4 
indicates the number of districts which form a part in each category. It can 
be seen from Fig.4.9, that cash crops have a high productivity in western part 
to cover the districts of West Champaran, Gopalganj and Siwan. There are 
two districts of Madhubani and Begusarai which lie in the northern and 
southern parts respectively, that also record a high productivity of cash 
crops. 
The medium productivity occurs in ten districts which form the 
eastern, southern, central and western parts in the plain. In these distiicts the 
productivity indices range in between 91.9 and 106.74. The low productivity 
regions form a narrow belt extending from north to south, encompassing the 
districts of Sitamarhi, Muzaffarpur and Vaishali. The two other districts 
possessing low productivity are namely, Saharsa and Bhagalpur. 
(v) Productivity Regions - Based on Composite Index 
The composite index of agricultural productivity considering all the 
crops has been worked out for the region. These regions are shown in 
Fig.4.10, and the number of districts forming the part in each categoiy given 
in Table 4.5. 
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Table 4.5 
Productivity Regions - Based on Composite Index - 1990-1995 
Productivity 
category 
Crop Index No. of 
District 
Name of District 
High Above 105.19 6 Begusarai, West Champaran, 
Gopalganj, Khagaria, 
Samastipur, Siwan 
Medium 95.11 - 105.19 7 Saian, Darbhanga, 
Kishanganj, East Champaran, 
Vaishali, Muzaffaipur,Aiaria 
Low Below 95.11 7 Katihar, Madhubani,Pumia, 
Madhepura, Bhagalpur, 
Sitamarhi, Saharsa 
The composite productivity index computed for all the crops grown 
in the region place the district of Begusarai at the top with the index value of 
121.26, and the district of Saharsa at the lowest with the index value of 
84.81. It may be seen from the Fig.4.10, that high agricultural productivity 
is found in two different tracts. One tract lies in the western part to include 
the districts of West Champaran, Gopalganj and Siwan, and the other lies in 
southern part incorporating the districts of Samastipur, Begusarai and 
Khagaria. 
The medium productivity regions form a compact block to include 
the districts of East Champaran, Muzaffarpur, Vaishali, Saran and Darbhanga. 
The districts namely, Araria and Kishaganj have medium productivity with 
indices ranging from 95.11 to 105.19 which occur in northeastern part of 
the plain. The low agricultural productivity region spreads over a vast area 
extending from northcentral to southeastern part of the region to include the 
districts of Sitamarhi, Madhubani, Saharsa, Madhepura, Purnia, Katihar and 
Bhagalpur. 
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III. Crop Productivity Regions - 1995-2000 
During 1995-2000, two new districts namely, Supaul and Sheohar 
were created and they have been included in the study. On the basis of 
productivity indices computed, all the districts were grouped into three 
distinct categories (high, medium, and low) and the number of districts 
falling in each category are given in Table 4.6. 
Table 4.6 
Districts Forming Different Productivity Regions - 1995-2000 
Productivity Cereals Pulses Oilseeds Cash crops 
Category Indices No. of 
District 
Indices No. of 
District 
Indices No. of 
District 
Indices No. of 
District 
High Above 
J()6.45 
7 Above 
105.97 
8 Above 
110.17 
5 Above 
107.38 
8 
Medium 92.53 to 
106.45 
6 93.93 to 
105.97 
6 87.67 to 
110.17 
9 93.8 to 
107.38 
6 
Low Below 
92.53 
9 Below 
93.93 
8 Below 
87.62 
8 Below 
93.8 
8 
(i) Productivity Regions - Based on Cereal Crops Yield Index 
During the period 1995-2000, cereals covered an area of about 77 
per cent of the total cropped area of North Bihar plain. The highest 
productivity of cereals, with an index value of 127.7, has been achieved by 
the district of West Champaran and the lowest recorded for the district of 
Darbhanga with an index value of 75.55 (Appendix D). It may be seen from 
Fig.4.11, that there are two tracts of high productivity, one lies in western 
part of the plain to include the districts of West Champaran, East Champaran, 
Gopalganj, Siwan and Saran, and the another lies in southcentral part and 
includes the districts of Khagaria and Madhepura. 
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The medium productivity region occurs in eastern part and spreads 
over the distiicts of Kishanganj, Pumia and Katihar. Another a narrow belt of 
medium productivity with respect to cereals extends over the districts of 
Sheohar, Muzaffarpur and Samastipur. In these regions, the productivity 
indices range between 92.53 and 106.45. 
The low productivity areas with the index value of below 92.53 are 
scattered over the plain. The six districts, namely, Sitamarhi, Madhubani, 
Darbhanga, Supaul, Saharsa and Araria of the northern portion of the plain 
form a continuous belt of low productivity. The remaining districts having 
low productivity are namely, Vaishali, Begusarai and Bhagalpur. 
(ii) Productivity Regions-Based on Pulse Crops Yield Index 
Pulses constitute 3.12 per cent of gross cultivated area in the 
region. It is evident from Fig.4.12, that pulses have recorded high 
productivity in seven districts of the region. The districts of Khagaria and 
Bhagalpur, in South eastern part, Vaishali and Samastipur, of southern part, 
and three districts of East Champaran, Siwan and Purnia, in north western, 
western, and eastern parts respectively come under the category of high 
productivity regions. 
The medium productivity region, with the index value ranging 
between 93.93 and 105.97 are found in the northwestern districts of West 
Champaran and Gopalganj, central-north part to include the districts of 
Madhubani, Supaul and Madhepura, and central and southwestern districts of 
Muzaffarpur and Saran. 
There are eight districts which characterise with low productivity 
with an index value of 93.93 to include the districts of Sitamarhi, Sheohar, 
Darbhanga, Saharsa, Begusarai, Araria, Kishanganj and Katihar. 
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(iii) Productivity Regions - Based on Oilseed Crops Yield Index 
Oilseeds cover only 2.32 per cent of the total cultivated area of 
North Bihar Plain. The districts of Muzaffarpur possesses the highest 
productivity with an index value of 150.64, and the lowest index (64.01) 
value is recorded by the district of Vaishali. The high agricultural 
productivity is found to form a continuous belt which extends over the 
districts of Siwan, Saran, Muzaffarpur, Samastipur and Begusarai (Fig.4.13). 
It is evident from the Fig.4.13 that medium productivity region forms a 
compact belt extending over the districts of Madhubani, Darbhanga, Supaul, 
Saharsa, Madhepura, Khagaria and Bhagalpui-. Two districts aie detached from 
the main region and lie in the western part. 
The low productivity occurs mainly in the districts forming the 
eastern block of the plain. The other districts of low productivity with the 
index value less than 87.67 are namely, West Champaran, Sheohar, Sitamarhi 
and Vaishali. 
(iv) Productivity Regions-Based on Cash Crops Yield Index 
Cash crops constitute the second rank in the cropped area, and 
accounts for about 7 per cent of the gross cropped area of North Bihar Plain. 
Two separate areas of high productivity can be recognised from Fig.4.14. 
One of them lies in the northern part to include the districts of Madhubani, 
Supaul, Araria and Kishanganj, and they represent mainly the jute growing 
area. Other areas lie in the central and southern parts extending over the 
districts of Muzaffarpur, Samastipur, Begusarai and Khagaria. The area of 
medium productivity in cash crops are scattered over the entire plain. The 
three districts of northwestern part form a tract of high productivity. 
176 
177 
o 
O-H 
M 
Tf 
bi 
GO 
t--a 
o 
Ch 
o 
00 
m 
n 
ij? 
H s 
178 
The low productivity areas with respect to cash crops and an index 
value of below 93.8 are also scattered over the districts of Kishanganj and 
Katihar which forms northeastern and southeastern parts, the district of 
Saharsa occupies the central part and Sitamarhi lies in northern part. The 
districts of Gopalganj, Siwan and Saran also form low productivity area and 
lies in southwestern part of the plain. 
(v) Productivity Regions - Based on Composite Index 
The cmposite index of agricultural productivity was computed 
considering all the crops grown in the study area. Productivity regions based 
on composite index are shown in Fig.4.15 and the number of districts which 
fall in each category of productivity are given in Table 4.7. 
Table 4.7 
Productivity Regions - Based on Composite Index - 1995-2000 
Productivity Crop Index No. of 
category District 
Name of District 
High Above 104 7 
Medium 
Low 
95 - 104 
Below 95 
Khagaria, Samastipur, 
Muzaffaipur, Siwan, East 
Champaran, Begusarai, 
West Champaran 
Madhubani, Madhepura, 
Bhagalpur, Supaul, 
Gopalganj, Saran, Purnia 
Darbhanga, Sheohar, 
Katihar, Saharsa, Vaishali, 
Aiaria, Kishanganj, 
Sitamarhi 
A spatial pattern of productivity based on considering all the crops 
shows, that the district of Khagaria with index value of 115.24 has the 
highest productivity and the district of Sitamarhi can be put to lowest 
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productivity with the productivity index of 86.25. Fig.4.15, shows that the 
high agricultural productivity region occurs to form a narrow belt which 
extends from southern part to the northwestern and southwestern parts of 
the plain. The districts included in this belt are namely, Khagaria, Begusarai, 
Samastipur, Muzaffaipur, East Champaran, West Champaian and Siwan. There 
are two areas characterised with medium productivity with the index values 
in between 95.02 and 104.46 to include the districts of Madhubani, Supaul, 
Madhepura, Purnia and Bhagalpur and a small tract which includes the 
districts of Gopalganj and Saran. 
There are some scattered patches of districts which have low 
productivity with index value less than 95.02 and extend over the disti'icts of 
Kishanganj, Araria, Katihar, Saharsa, Darbhanga, Vaishali, Sheohar and 
Sitamarhi. 
IV. Growth of Agricultural Productivity 1985-90 and 1995-2000 
With the assessment of the spatial analysis of agricultural 
productivity, it was further attempted to compute the changes by ascertaining 
the growth in productivity during the period of 1985-90 and 1995-2000 in 
North Bihar Plain. 
(i) Cereal Crops 
The cultivation of cereals, constitute one of the most significant 
group of crops, and recorded a positive growth of 0.77 per cent during the 
period concerned. The area devoted to cereal crops during 1985-90 was 
4005.3 thousand ha. which increased to 4036.08 thousand ha. during the 
period of 1995-2000. 
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A districtwise growth in crop productivity of cereals shows, that 
the district of Madhepura shows the highest positive growth of 29.77 per 
cent, which is followed by the district of Khagaria and Katihar, where growth 
rate has been to the tune of 24 per cent. The other districts which recorded 
the positive growth in productivity of cereals are namely, Muzaffarpur 
(13.05 per cent) Purnia (10.39 per cent). West Champaran (8.51 per cent), 
Gopalganj (4.73 per cent), Vaishali 2.54 Per cent), Saran (1.4 per cent), 
Saharsa (0.92 per cent) and Siwan (0.12 per cent). A negative trend of growth 
in cereal crops productivity was recorded in the district of Begusarai (-25.17 
per cent) and which is followed by the Darbhanga district (-21.74 per cent). 
The districts of Samastipur and Madhubani recorded a growth in negative 
order of -13 per cent. The other districts which recorded a negative growth 
in productivity of the cereal crops are : Bhagalpur (-10.66 per cent), East 
Champaran (-2.84 per cent) and Sitamarhi (-2.35 per cent). 
(ii) Pulse Crops 
Pulses have shown a decrease of -3.41 per cent in cultivation. The 
area brought under cultivation in pulse crops during 1985-90 was about 247 
thousand ha. which very sharply declined to 163 thousand ha. during 
1995-2000. With regards to the growth in agricultural productivity, the 
district of Bhagalpur (29.35 per cent) recorded the highest positive growth 
which is followed by the districts of Purnia and Khagaria, where the growth 
rate has been 29.31 and 24.68 per cent respectively. A lowest positive growth 
has been recorded in Begusarai (0.17 per cent) which is followed by the 
district of Katihar (0.27 per cent) and Vaishali (0.86 per cent). The other 
districts which show an increase in productivity under pulse crops are 
namely, East Champaran (16.01 per cent), Madhepura (4.46 per cent) and 
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Saharsa (1.09 per cent). A large number of districts show a decrease in 
productivity with respect to pulses. The highest being -37.22 per cent in 
Sitamarhi which is followed by the district of Muzaffarpur and Siwan, where 
rate of decrease has been -24.15 and -18.37 per cent respectively. The other 
districts which have recorded negative growth are namely, Saran (-16.18 per 
cent) Darbhanga (-15.88 per cent), West Champaran (-10.15 per cent), 
Gopalganj (-5.08 per cent), and Samastipur (-4.91 per cent). The district of 
Madhubani shows a marginal decrease of -0 .01 per cent. 
(iii) Oilseed Crops 
The cultivation of oilseeds increased from 111.15 thousand ha. in 
1985-90 to 121.39 thousand ha. during 1995-2000 at the rate of 8.86 per 
cent. A trend of growth in oilseeds productivity shows, that a positive growth 
has been in the districts forming central and western parts of the region are 
namely, Muzaffarpur, Saran, Siwan, Madhubani, East Champaran, Gopalganj, 
Darbhanga, and Samastipur. The district of Katihar lying in the eastern part 
of the plain also records a positive growth. The negative growth occcurs in 
central, northern, southern and northeastern parts with the exception of West 
Champaran district which forms northwestern part of the region. 
(iv) Cash Crops 
Cash crops which are considered in the second important crops of 
the region covered 347.6 thousand ha. of land during 1985-90 show an 
increase in area to the extent of 370.34 thousand ha. with the growth rate of 
6.54 per cent. The district of Khagaria recorded the highest positive growth 
rate in productivity, whereas the district of West Champaran recorded a 
marginal growth of 0.79 per cent. The other districts which show increase in 
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productivity (during 1985-90 and 1995-2000) are namely, Bhagalpur (34.12 
per cent), Muzaffarpur (32.24 per cent), Sitamarhi (19.16 per cent), 
Madhepua (12.52 per cent), Purnia (6.19 per cent), Katihar (5.54 per cent) 
and Darbhanga (1.72 per cent). These districts belong mainly to the jute 
growing areas of North Bihar Plain. The highest negative growth has been 
recorded in the Gopalganj district (-24.86 per cent) which is followed by the 
districts of Saran (-18.26 per cent), Begusarai (-10.63 per cent), Saharsa 
(-4.65 per cent), Siwan (-2.82 per cent) and Madhubani (-0.63 per cent). 
These districts form part of the sugarcane belt of the region. 
6 A a p l e z - 5 
A. TECHNOLOGICAL FACTORS 
Before establishing a mathematical relationship between the levels 
of agricultmal development and ecology, it would be worthwhile to give a 
theoretical frame of some of the important technological factors taken into 
consideration in North Bihar Plain. 
The efficiency of crop production depends to a greater extent on 
the technological factors that are incorporated in agriculture in a particular 
region. Farmer's involvement in the utilization of resources in agriculture 
can be judged by considering a number of technological factors that the 
farmer selects to be incorporated for improvement in agricultural efficiency. 
Technological innovations in agriculture aims at increasing the efficiency in 
crop production system. It is key to rapid growth of agriculture, but also 
requires continuous adjustment of farm utilization to a profitable basis ' . 
Thus, a suitable combination of technological factors i.e., the methods of 
irrigation, use of chemical fertilizers (NPK), High-Yielding Varieties (HYV) 
of seeds, application of agricultural implements and machinery and other 
improved farming techniques which may more often be responsible for 
higher returns per unit area. 
In North Bihar Plain, there is an accelerating rate of application of 
technology in crop production. The productivity of farmlands has 
continuously changed due to constant flow of agricultural innovations. The 
state government is also aware of the need of the farmers, therefore, a 
package of improved practices use of adopted by the farmers with the 
1 O a m m c n . M A . Technological Change and its D i f f u s i o n in Agr i cu l tu re , 
Agricultural SUuatwn in India. Vol. 21. No. 7-12, 1966, pp. 523-24. 
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high-yielding varieties of seeds, irrigation waters and their use, chemical 
fertilizers and crop protection with the use of pesticides have been given to 
the farmers, that ensures an improvement in farming systems. 
The new agricultural technology has played a significant role not 
only in minimizing the risk from environmental constraints but also have 
augmented the yield levels of the crops. A series of methods have been 
evolved to increase productivity by using fertilizers and better techniques to 
realize the potentials of soil fertility. The speedy and substantial 
development of agriculture by and large depends on bringing technological 
change and spatial diffusion of agricultural innovations^. Any increase in 
cultivated area and intensity of double cropped are often credited to 
incorporation of technology. 
1. Intensity of Irrigation 
Crop production and growth subsequently depend to a larger extent 
on the availability of water for irrigation and its judicious use. It has been 
demonstrated through a number of researches, that the effect of irrigation 
on crop productivity is such that the 10 per cent of cultivated land that is 
irrigated may be roughly estimated to contribute about 20 per cent of total 
production-'. It is estimated that more than five tonnes of water is needed to 
grow one kg. of rice"^. When we are concerned with the expansion of 
irrigated area in order to increase agricultural productivity, the same can be 
2. M o h a m m a d . N . . Technologica l Change and Di f fus ion of Agr icu l tu ra l Innovat ions 
: In (Ed. N. Mohammad) Perspective in Agricultural Geography, Vol. IV. New 
Delhi. 1981. p. 267. 
3. Smaller Fornilands can Yield More, FAO, Rome, 1969, p. 19. 
4. The Hindu. Survey of Indian Agriculture, 2002, p. 31. 
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achieved by increasing the yield of crops on the lands that have already 
received irrigation. An additional increase in irrigation efficiency can make 
it possible to get double or triple crop yields in many irrigated areas. 
Therefore, it is advocated that assmed and controlled water supplies are one 
of the essential requirements for the achievement of the full potential of the 
new high-yielding varieties of seeds of cereal crops. 
The intensity of irrigation is controlled by the factors such as 
source of irrigation, quantity and quality of water supply, density of a 
network of water channels, types of crops grown etc. Crop intensity remains 
low in areas where irrigation intensity is restricted. In an agricultural region, 
other things being equal, the intensity of irrigation will increase or decrease 
with rainfall. A low and erratic rainfall limits crop production. Irrigation, 
therefore, becomes imperative for sustained and successful cultivation of 
crops. Lack of irrigation acts as a drag on the farmers incentive. The farmer 
hesitate in for the purchase of inputs like improved seeds, chemical 
fertilizers, insecticides, pesticides etc. 
Provision of irrigation also provides an incentive for the amount of 
interval of fertilizers application with the use of high-yielding varieties of 
seeds. The efficiency of fertilizer use rests upon most prominently on 
irrigation and similarly better seeds show their performance when they are 
provided with timely water. The farmers having adequate and assured 
irrigation facilities have a better choice to adopt improved agricultural 
practices and innovate quickly. 
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Irrigation means the artificial application of water to overcome the 
deficiency in rainfall for growing crops (Cantor, 1967)^ Agricultme without 
irrigation is limited and if the rainfall decreases to less than 30 cm, 
cultivation of crops becomes impossible without irrigation (King, 1953)^. 
The rainfall regime in North Bihar Plain is characterised by 
uncertainity and irregularity, and it is often inadequate during the period of 
crop growth and incidence of its occurrence does not follow the crop needs 
and requirements. Under these circumstances, therefore, inigation becomes 
imperative for sustaining the growth of crops. 
Irrigation needs can be metout through two different sources: 
firstly, irrigating the land by taping sub-soil water with the construction of 
wells, tube-wells and pumpsets, and secondly, by distributing the surface 
water through canals, tanks, ponds and some other sources. Therefore, in 
North Bihar Plain irrigation sources constitute the form of: canals, tube-
wells and other sources (including tanks, ponds and other wells). The 
respective share of each source in each of 22 districts of North Bihar Plain 
is shown in Table 5.1. It may be seen from Table 5.1 that more than 50 per 
cent of the net irrigated area was served by canals, tube-wells and other 
sources during 1999-2000. Tube-wells alone provided irrigation to the 
extent of about 68 per cent of the net irrigated area. Next to tube-wells, 
canal irrigation constitutes the second position. 
The intensity of irrigation on the basis of percentage share of the 
net irrigated area to the total cropped area can be judged from the Fig.5.1 in 
5. Cantor . L .M. . ^ World of Irrigation, Edinburgh . 1967, pp . 10-21, 
6. King. T.. Water. Miracle of Nature, New York. 1953, p. 501. 
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Table 5.1 
Sourcewise Irrigation in Districts of North Bihar Plain - 1999-2000 
District Canal Tube-wells Other 
sources 
(in percentages) 
Net Irrigated 
area to the total 
cropped area 
Araria 19.35 69.35 11.29 33.69 
Begusarai 0.0 91.67 8.33 71.18 
Bhagalpur 5.56 66.67 27.78 36.73 
Champaran East 7.48 87.07 5.44 46.67 
Champaran West 71.21 21.21 7.56 46.64 
Darbhanga 0.0 17.46 82.54 37.09 
Gopalganj 51.46 48.54 0.0 67.32 
Katihar 8.75 91.25 0.0 51.95 
Khagaria 0.0 73.61 26.39 80.0 
Kishanganj 0.0 100.0 0.0 15.25 
Madhepura 42.42 48.48 9.09 75.0 
Madhubani 8.11 36.49 55.41 • 36.27 
Muzaffarpur 2.0 93.0 5.0 47.85 
Purnia 17.35 75.51 7.14 48.75 
Saharsa 19.74 76.32 3.95 67.86 
Samastipur 0.0 100.0 0.0 47.80 
Saran 16.48 66.04 16.98 54.36 
Sheohar 0.0 81.82 18.18 39.28 
Sitamarhi 1.59 83.95 17.46 45.32 
Siwan 17.89 77.24 4.88 74.54 
Supaul 45.33 53.33 1 o o 1 .J J 46.87 
Vaishali 0.0 86.67 13.33 61.48 
Source Off ic ia l Records o f Di rec tora te of Stat is t ics and Evalua t ion . P a t n a . Bihar . 
No te : Other sources includes tanks , ponds, other wells etc. 
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which all of 22 districts considered have been categorised under three broad 
groups. The districts having more than 59.54 per cent of total cropped area 
under irrigation fall into high irrigation intensity. The districts grouped 
between 43.36 and 59.54 per cent are considered as of medium irrigation 
intensit}', while the areas with less than 43.36 per cent are placed under low 
intensity of irrigation. 
It may be seen from the Fig.5.1 that the area under high intensity 
irrigation is spread over the districts of Khagaria, Madhepura, Saharsa, 
Begusarai, Vaishali, Siwan and Gopalganj. The area with medium extent of 
irrigation is in western part of the region and comprise the districts of East 
and West Champaran, Saran, Muzaffarpur, Sitamarhi and Samastipur. Another 
area of medium inigation is in the eastern part which includes the districts 
of Supaul, Purnia and Katihar. Low irrigation region is scattered over the 
districts of Sheohar, Madhubani, Darbhanga, Araria, Kishanganj and 
Bhagalpur. 
(i) Canal Irrigation 
There are many canals which provide irrigation in North Bihar 
Plain, but the important ones are the Tribeni canal and Western Kosi canal. 
Tribeni canal takes its water from the left bank of the river Gandak at Tribeni 
(Bhaisa Lotan). The Western Kosi canal lies in the western part of the river 
Kosi. It is evident from Table 5.1 that the area irrigated by canals was 3.37 
lakh ha. or 18.7 per cent of the total irrigated area in the year 1999-2000. 
Canal irrigation covers an extensive area in West Champaran district where 
more than 70 per cent of the total irrigated area receives water from them. 
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Beside it there are three districts namely, Gopalganj, Supaul and Madhepura 
where canal inigated area exceeds about 42 per cent. The canals do not serve 
7 districts namely, Sheohar, Vaishali, Darbhanga, Samastipur, Begusarai, 
Khagaria and Kishanganj. The remaining 11 districts receive a share with less 
than 20 per cent cf-irrigated area by canal irrigation. 
(ii) Tube-well Irrigation 
Tube-well irrigation is of recent origin in India and the rate of 
installation of them in different parts of countiy has been relatively very 
fast. It is of due importance in areas like Indo-Gangetic plains, in which 
North Bihar Plain lies sub-soil water resources occur in abundance and 
tapped from underground sources. The importance of tube-well irrigation 
over canals lies because of that the tube-well can be constructed right in the 
vicinity of farm, where water is needed. 
The net irrigated area which received irrigation by tube-wells in 
North Bihar Plain was 12.34 lakh ha. (68.48 per cent) of the total irrigated 
area in 1999-2000. When we ascertain districtwise variations in tube-well 
irrigation, they are very large as seen from Table 5.1. Two districts namely, 
Samastipur and Kishanganj entirely receive irrigation by tube-wells. There 
are 10 districts where the intensity of irrigation through tube-wells exceeds 
about 75 per cent of the net irrigated area. In the remaining districts tube-
wells contributed in between 17 and 75 per cent of total irrigated area. 
However, it may be seen from the table that tube-well irrigation, though 
vaiying in extent, is practically available in each district of the region. 
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(iii) Irrigation by Other Sources 
Where inigation by canal and tube-wells is not possible, irrigation 
is provided from other sources which act as the only source. The irrigation 
by other sources include the tanks, ponds and other wells which altogether 
irrigated 2.31 lakh ha. (12.82 per cent) of the total irrigated area during 
1999-2000. There are two districts namely, Darbhanga and Madhubani which 
depend solely on irrigation from other sources which provide an irrigation 
for more than 55 per cent of their net irrigated area. In an another set of 7 
districts of Bhagalpur, Khagaria, Sitamarhi, Sheohar, Saran, Vaishali and 
Araria the irrigation from other sources provided ranges from about 11.29 
per cent to 27.78 per cent. In remaining districts less than 9 per cent of net 
irrigated area is irrigated by other sources of irrigation. The tube-wells do 
not provide any irrigation in the districts of Gopalganj, Samastipur, 
Kishanganj and Katihar of the region. 
II. Chemical Fertilizers 
Fertilizers are an important input to crop production and achieving 
the success and spread of high-yielding varieties of seeds depend on their 
proper application. The importance of fertilizers has been well appreciated 
by cultivators as well as others who are concerned with the agricultural 
production. The provision of fertilizers availability at reasonable costs, and 
at appropriate time is an essential requirement for the growth of crops^. In a 
study done in USA it was found that fertilizers constituted the largest single 
factor in increasing crop production and accounted for 50 per cent of yields. 
7 C h a m p a . M . Agr icu l tura l Development and the Roel of Fer t i l izers . Indian 
Journal of Regional Science. Vol 9. No 1 & 2. 1976, p 151. 
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A series of trials conducted by Food and Agriculture Organization of the 
United Nations in 14 different countries in the world have established 
beyond any doubt that substantial increases in the yield of crops can be 
obtained by the use of fertilizers, even if, no other technological factor is 
changed. 
Productivity of land decreases after taking different crops. 
Rainwater also removes the soil nutrients, leading to a decrease in the 
fertility of land. To preserve and maintain the productivity and fertility of 
land chemical fertilizers are used. According to scientists land should get at 
least 100 kg of nitrogenous fertilizer per hectare every year. In a report on 
agriculture (1968) it was mentioned that because of eveiy crop season a sum 
of 30 lakh tonnes of nitrogen is removed from the soil. Traditional and 
chemical fertilizers pour 10 lakh tonnes of nitrogen but still 20 lakh tonnes 
of nitrogen is removed from lands in India eveiy year. 
The findings of First and Second Five Year Plans pointed out that, 
under conditions prevalent in India, fertilizers are responsible for an 
increase of about 45 per cent in the agricultural production. In view of their 
overwhelming impact on crop production it was considered to evaluate the 
consumption levels of fertilizers in North Bihar Plain. 
Although there are variations in the consumption levels of 
fertilizers in different districts of North Bihar Plain, yet some of them show 
a satisfactory levels of fertilizers consumption. Table 5.2 shows the average 
range of fertilizers consumption in each of 22 districts of North Bihar Plain 
during 1999-2000 on which Fig,5.2 is based. It is apparent from the figure 
that there are two blocks consisting of 7 districts, separated by the district 
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Table 5.2 
Districtwise Distribution and Consumption of Fertilizer in North 
Bihar Plain - 1999-2000 
District N2 P2O2 K2O Total Kg per hectare 
(in '000 metric tonnes) 
Araria 10.0 3.1 0.9 14.1 51.84 
Begusarai 24.8 6.3 2.4 33.4 177.66 
Bhagalpur 30.4 9.8 2.6 42.8 168.50 
Champaran East 40.1 9.4 3.8 53.3 123.38 
Champaran West 36.7 9.4 3.3 49.4 102.07 
Darbhanga 16.5 5.2 1.5 23.2 100.87 
Gopalganj 11.5 1.9 1.2 14.7 72.06 
Katihar 12.6 4.7 1.2 18.5 63.57 
Khagaria 17.0 7.1 1.6 25.7 172.48 
KishanganJ 5.3 1.7 0.5 7.4 39.15 
Madhepura 12.2 3.6 1.1 16.9 93.89 
Madhubaiii 10.0 1.1 1.1 12.2 34.56 
Muzaffarpur 32.9 9.1 3.0 45.0 142.86 
Purnia 19.3 7.9 1.5 28.8 91.72 
Saharsa 10.7 2.9 1.0 14.5 88.41 
Samastipur 19.9 9.1 1.8 30.8 107.69 
Saran 21.6 11.2 1.7 34.5 130.19 
Sheohav 2.4 0.3 0.2 2.9 20.93 
Sitamarhi 16.7 1.4 1.6 19.8 89.19 
Siwan 12.5 2.6 1.3 16.4 73.21 
Supaul 5.2 1.4 0.4 7.0 29.29 
Vaishali 25.2 9.8 2.4 37.4 186.07 
Source ; Official Records 
Bihar. 
of Directorate of Statistics and Evaluation. Patna. 
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of Samastipur, in which farmers are well aware about the importance of 
fertilizer application. In them the levels of consumption exceeds about 122.9 
kg per ha. The districts of Sitamarhi, Darbhanga, Samastipur, Saharsa, 
Madhepura and Purnia form a narrow belt of medium level of fertilizer 
consumption, except West Champaran which lies in the western part of 
North Bihar Plain. The fertilizer use in these districts ranges between 73.42 
and 122.9 kg per ha. The remaining districts namely, Siwan, Gopalganj, 
Sheohar, Madhubani, Supaul, Araria, Kishanganj and Katihar show a level of 
NPK consumption less than 73.42 kg per ha. 
III. Mechanization 
Modern agriculture is witnessing a technological change in which 
the farmer is inclined to use better machines in place of archaic and time 
consuming ones. It has been proved that judicious use of farm implements 
and machinery can play a very important role in increasing agricultural 
production. In agricultural production process, a number of operations from 
preparation of seed bed to the final processing of products are to be included 
and a number of mechanical operations are required to be utilized at all 
stages of crop production to achieve the higher efficiency. Thus, in order to 
make agriculture productive and profitable, efficient and time saving devices 
should be brought in use to minimize the production cost as well as time 
required for agricultural operations. Agricultural operations depend upon 
various sources of which power and equipment are of considerable 
importance. 
The use of machinery depends on certain prerequisites of which 
size of land holdings occupies prominent position. Most of the farm 
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implements and machines are used profitably on large size fields but their 
efficiency suffers if the farming plots are small. The agriculture of North 
Bihar Plain is characterised with the small size of land holdings which stands 
in the way of farm mechanization. A large number of farmers are under the 
categoiy of marginal farmers. 
The agricultural machineiy used in North Bihar Plain accounts for 
the number of tractors and pumpsets and these enumerated during 1999-2000 
in each of the districts of North Bihar Plain are listed in Table 5.3. It is 
evident from the table, that the use of farm machinery is not uniform and 
there are substantial variations in the level of farm mechanization in 
different parts of the region. 
(i) Tractors 
The extent of tractors in North Bihar Plain can be judged from 
Fig.5.3. It is apparent from the figure that area with high intensity of tractor 
use is found in northwestern part of the Plain with exception of the district 
of Begusarai which lies in the southern part of the region. In these districts 
the tractors in use exceeds 44 tractors per 10,000 ha. of cropped land. An 
another categoiy of concentration of tractors with a density ranging between 
21 and 44 tractors per 10,000 cropped land incorporate a large area which 
stretches from east to west in the southern part of the region. 
The districts of Sheohar, Sitamarhi, Madhubani, Supaul, Saharsa, 
Araria and Kishanganj form a region of low tractor use with a density of 
tractors below 21 per 10,000 ha. of cropped lands. 
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Table 5.3 
Districtwise Distribution of Agricultural Machinery in North 
Bihar Plain - 1999-2000 
District Tractor Pumps'ets 
(Nos. per IQOOOha) 
Aiaria 16 189 
Begusarai 59 304 
Bhagalpur 39 169 
Champaran East 52 169 
Champaran West 109 158 
Daibhanga 29 385 
Gopalganj 69 339 
Katihar 28 394 
Khagaria 29 398 
Kishanganj 14 175 
Madhepura 15 174 
Madhubani 14 180 
Muzaffarpur 30 495 
Purnia 37 202 
Saharsa 24 181 
Samastipur 22 401 
Saran 29 629 
, Sheohar 13 276 
Sitamarhi 15 276 
Siwan 40 635 
Supaul 13 154 
Vaishali 22 649 
Source : Official Records of Directorate of Statistics and Evaluation, Patna, 
Bihar. 
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(ii) Pumpsets 
The districtwise distribution of pumpsets for irrigation purposes 
has been produced in Table 5.3 and Fig.5.4 is based on the number of 
pumping sets in use computed in relation to the total cropped land in each 
districts during 1999-2000. It is evident from Fig.5.4 that there are 4 
districts namely, Siwan, Saran, Vaishali and Muzaffarpur which make a 
compact unit of high intensity of pumpsets used for irrigation in the 
southwestern parts of North Bihar Plain. In these districts the number of 
pumpsets are above 404.44 per 10,000 ha. of total cropped land. The medium 
density of the number of pumpsets ranges between 242.56 and 404.44 per 
10,000 ha. in 9 districts namely. East Champaran, Sheohar, Sitamarhi, 
Darbhanga, Samastipur, Begusarai, Khagaria, Katihar and Gopalganj. There is 
a compact belt of low density of pumpsets in use in eastern part which 
includes the districts of Madhubani, Supaul, Saharsa, Madhepura, Bhagalpur, 
Araria, Kishanganj and Purnia. The district of West Champaran, which is 
detached from the main region also fall under low density region and lies in 
northwestern part. The number of pumpsets use in these districts are below 
242.56 per 10,000 ha. It is clear from Fig.5.4 that the intensity of use of 
pumping sets is low in the areas where canal and tube-wells constitute major 
sources of irrigation. On the other hand, in the districts where irrigation is 
provided by other sources, the use of pumping sets is high. 
IV. High-Yielding Varieties of Seeds 
With the inception of intensive cultivation programmes in early 
sixties the farmers had an unprecedented opportunity to bring a real breack-
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through in agricultural production in different parts of the country and 
thereafter, the introduction of'High-Yielding Varieties Programmes' lead the 
farmers to show awareness of its recognition, resulting thereby, an abrupt 
replacement of areas hitherto under traditional varieties to new ones. The 
importance of better seeds can be judged from the statement of Sprague 
(1958)^, that if the United States were suddenly to revert to older strains and 
varieties, we will be plunged into a famine and food shortage of colossal 
proportion. The success of the high-yielding varieties programmes has 
revolutionalised the Indian agriculture and brought out a phenomenal and 
rapid increases in the foodgrains production in the countiy. The North Bihar 
Plain has not escaped from its impact and farmers have been using new 
varieties of seeds for the production of different crops. 
Table 5.4 shows the districtwise distribution of high-yielding 
varieties of seeds in North Bihar Plain during 1999-2000 on which Fig.5.5 
is based, in which all 22 districts have been categorised under three distinct 
groups i.e., high, medium and low. It can be seen from the figure, that the 
western districts including East and West Champaran, Gopalganj, Siwan and 
Saran form a compact block where the cropped area under better seeds 
exceeds 95.77 per cent of total cultivated land. The district of Khagaria has 
also high percentage of its area under high-yielding varieties. The districts 
of Sitamarhi, Vaishali, Araria, Kishanganj and Purnia have low percentage of 
area under better seeds. The medium group forms an extensive area ranging 
between 92.0 and 95.77 per cent of total cropped area under high-yielding 
8, Salomon. S.C. and Hanson, A.A.. The Principles and Practices of Agricultural 
Research. London, 1964, p. 57. 
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Table 5.4 
Districtwise Use of High-Yielding Varieties of Seeds in North 
Bihar Plain - 1999-2000 
District Area under HYV of Seeds 
(Per cent to the total cropped area) 
Araria 89.45 
Begusarai 93.85 
Bhagalpur 96.75 
Champaran East 98.50 
Champaran West 97.99 
Daibhanga 93.86 
Gopalganj 96.77 
Katihar 94.99 
Khagaria 98.80 
Kishanganj 84.47 
Madhepura 94.35 
Madhubani 92.01 
Muzaffarpur 95.32 
Purnia 90.50 
Saharsa 93.57 
Samastipur 94.34 
Saran 97.09 
Sheohar 95.00 
Sitamarhi 86.32 
Siwan 97.25 
Supaul 93.82 
Vaishali 90.25 
Source : Official Records of Directorate of Statistics and Evaluation. Patna, 
Bihar. 
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varieties. This includes the districts of Muzaffarpur, Sheohar, Madhubani, 
Darbhanga, Samastipur, Begusarai, Supaul, Saharsa, Madhepura, Katihar and 
Bhagalpur. 
B. An Analysis of Crop Productivity and Crop Producing Correlates 
An analysis of the input and output relationship in crop production 
was attempted with the help of the statistical techniques in order to 
determine the relationship amongst a number of factors which may cause 
spatial variations in agricultural development. For this purpose the following 
variables have been selected from a set of environmental and technological 
factors governing the crop production which are given in Table 5.5. 
Theoretically speaking, these variables, by and large, explain 90 per cent of 
the variations in agricultural productivity. The values of all the variables, 
during 1999-2000, are listed in Appendix F, which were analysed for each of 
22 districts of North Bihar Plain. The Yang's Crop Yield Index for each 
district was used for the analysis which relates to the period 1995-2000, 
measured from average of the five successive years data. 
I. The Correlation Matrix 
The inter-relation amongst twelve important variables for all 22 
districts of North Bihar Plain, was broughout by the correlation matrix. The 
correlation matrix helps to interprete rationally the relationship between 
independent variable (input) and dependent variable (output). Table 5.6 
depicts correlation coefficient between all the eleven independent variables 
and one dependent variable, i.e. productivity. It is apparent from Table 5.6 
that there was a high positive correlation between productivity (X^) and high-
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Table 5.5 
Variables Selected for the Assessment of Agricultural Development 
in North Bihar Plain 
Variable Definition 
Productivity based on Yang's Crop Yield 
Index 
Average annual rainfall (in cm.) 
X, pH value of the soil 
Nitrogen concentration in soil (kg per ha.) 
Phosphoms concentration in soil (kg per ha.) 
Percentage of canal irrigation to the net 
irrigated area 
X7 Percentage of tube-well irrigation to the net 
irrigated area 
Percentage of irrigated area by other sources 
to the net irrigated area 
Consumption of fertilizers (kg. per ha.) 
Percentage of area under High-Yielding 
Varieties of seeds to the total cropped area 
Number of tractors per 10,000 ha. of 
cropped land 
Number of pumpsets for irrigation per 
10,000 ha. of cropped land. 
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yielding varieties of seeds (Xjq). The correlation coefficient between these 
two variables (Xj and X^q) was 0.68. Productivity was moderately positive 
correlated with fertilizers (0.39), pH value (0.37), tractors (0.32) and 
pumpsets (0.24). Productivity has also positive correlation with nitrogen, 
phosphorus, canal and tube-well irrigation, whereas negative correlation was 
observed between productivity and rainfall and inigation by other sources 
with the correlation coefficient values of-0.37 and -0.09 respectively. This 
suggests that X^ and Xg donot play much role in increasing or decreasing the 
crop productivity. Partial correlation of rainfall with canal irrigation (X(3) 
and tube-well irrigation (X^) implies that with the help of these factors 
rainfall can be corrected. 
Soil reaction (X3) expressed as pH value plays an important role in 
maintaining the nutritive effect of the soil. This represented a positive 
correlation (0.37) with productivity. pH value has partial correlation with 
nitrogen (0.01), phosphorus (0.03), canal irrigation (0.05), tube-well 
irrigation (0.02), fertilizers (0.39), HYV of seeds (0.68), tractors (0.32) and 
pumpsets (0.24). 
Nitrogen (X^) is absorbed by plants either as nitrate (NO,) or as 
ammonia (NH^) ions. It helps in crop growth to a great extent. The 
correlation coefficient between Xj and X^ was calculated to be 0.01 which 
implies as positive correlation. It is observed on the partial correlation that 
nitrogen is positively correlated with phosphorus, canal and tube-
wellirrigation, HYV, fertilizers, tractors and pumpsets. Phosphorus content 
(X3) is positively correlated with productivity (X^) and correlation 
coefficient between Xj and X3 is 0.03. Considering the partial correlation it 
X 
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is positively correlated with rainfall, nitrogen, canal irrigation, tube-well 
irrigation, HYV of seeds, fertilizers, tractors and pump sets. 
Inigation is essential to get increases in crop production. There 
was a positive correlation (0.05) between canal irrigation and productivity. 
Canal irrigation has a positive partial correlation with all the variables 
considered except X3 and Xg, which show a negative correlation. Tube-well 
irrigation constitutes one of the major sources of irrigation. There was a 
positive correlation between tube-wells (X.^ ) and crop production. The 
correlation coefficient between two variables (X.^  and Xj) was 0.02. It is 
also positively correlated with X2, X^, Xj^j, Xj j and X^j- The irrigation by 
other sources (Xg) is negatively correlated with X^ with a correlation 
coefficient value of 0.09. Partial correlation of variable Xg is positive with 
the variables X3, X^, X5, X^, Xjq, Xj j and Xjj-
It is found that the input variable of fertilizer (X^) is positively 
correlated with productivity and a correlation coefficient of 0.39 is 
obtained. Partial correlation between the variables X^ and X3, Xy, Xg, X,,,, 
X | | and X|2 is also positive. The correlation coefficient between high-
yielding varieties of seeds (Xj^) and productivity was calculated to be 0.68. 
This implies a high positive correlation between Xj and Xj^. Area under 
better seeds has a positive correlation with the variables of X-,, X^, X^, Xg 
and Xg. It has positive correlation with the variables of Xj j and Xj2. It shows 
that if the area is planted with HYV of seeds each of these factors will 
support to yield more. 
Use of tractors (Xjj) was positively correlated with variable Xj . 
The correlation between X,, and X, is 0.32. Partial correlation of tractors 
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was positive with variables X^, X^, X^ Xjq and Xj j . The correlation 
coefficient between pumpsets (Xj2) and productivity is 0.24, which shows a 
positive correlation between the two variables. It was positively correlated 
with variables X,, X^, X^, X.,, X^ and Xj^. The remaining variables show a -
negative correlation with pumpsets (Xjj). 
II. Factor Analysis 
In order to establish a cause and effect type of relationship 
between output variable (productivity) and input factors, it was essential to 
identify the relevant factors with the help of factor analysis. Factor analysis 
is considered to be a suitable technique in assessing impact of various 
factors in agricultural development in a given region. This analysis avoids a 
certain number of problems inherent in the conventional statistical 
techniques, and further reduces the computational efforts involved in trails 
of different combinations for identifying the most significant relationship 
amongst the various feasible combinations. Factor analysis deals directly 
with the correlative dependents by arranging variables into independent 
linear combinations and permit any indicator to be treated as a dependent 
variable of a small set of common components. This procedure encourages 
an expansion of the variable set. 
In the present work the relevant factors and their group 
combinations having significant reliability were identified through factor 
analysis. It is argued, that in cross-regional comparisons, it is desirable to 
identify the variables on the basis of their past adherence to certain norms 
which have an influence on the dependent variable in group. 
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By performing factor analysis, we are able to look at sets of 
complementary and thus collinear inputs or at 'Package of Variables' and may 
include a wider range of variables of relevance for production function. 
Here, it may be hypothesised, that a set of eleven variables that have been 
considered which may influence productivity function, treating productivity 
function as dependent on eleven independent (inputs) variables. The data has 
been analysed through SPSS package programme on computer ALPHA 
system. The rotated factor matrix of the variables considered for the year 
1999-2000 is given in Table 5.7 which indicates a 'Package of Variables' 
having significant inter-cohesion. Productivity index has been taken for a 
period of 1995-2000, computed for the five successive years data. 
The analysis of the variables shows that the first factor F, accounts 
for 28.13 per cent variance in the total variables. The variables show high 
positive coefficient loadings for pumpsets (0.70), HYV of seeds (0.70), 
fertilizers (0.69), pH value (0.68) and crop productivity (0.67). The second 
factor F2 accounts for 19.23 per cent of the total variance. The variables 
which have positive loadings of more than 0.50 are : irrigation by canal 
(0.90), area under HYV (0.53) and tractor power (0.76). The third factor F3 
with a variance of 16.36 per cent indicates a positive loadings of 0.93 and 
0.92 on nitrogen and phosphorus content. However, the fourth factor F^ 
indicates only a positive single loading of 0.93 on irrigation by other 
sources (variable Xg) with a variance of 12.79 per cent. The significance of 
the rest of the variables does not emerge owing to great variations in the 
district level statistics. 
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Table 5.10 
Factor Structure of Agricultural Development in North Bihar Plain 
through Rotated Factor Matrix - 1999-2000 
Variable Factor Loadings 
F2 F, J F4 
X, 0.66995 0.31855 0.08871 -0.17778 
-0.84084 0.00051 0.06059 -0.25684 
X, > 0.67648 0.12237 -0.37069 0.13377 
0.04293 -0.00231 0.93677 0.07596 
-0.05583 -0.04097 0.92296 0.00908 
-0.20589 0.90970 0.07355 -0.00028 
0.11676 -0.58668 -0.08511 -0.77676 
0.06361 -0.22497 0.01579 0.93206 
0.69380 -0.11042 -0.03579 -0.11163 
0.69380 -0.11042 -0.03579 -0.11163 
0.70295 0.53720 0.10832 0.07059 
Xl2 0.70355 -0.33914 0.11198 -0.10642 
Variance 
explained % 28.13 19.23 16.36 12.79 
Cumulative 
Variance % 28.13 47.36 63.72 76.51 
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Further non-occurrence of other variables in the analysis made it 
necessary to analyse the variables in different productivity regions in order 
to study the inter-action of the remaining variables on regional basis. These 
productivity regions were demarcated on the basis of the Yang's Crop Yield 
Index as shown in Fig.4.15 for the period 1995-2000. The rationale for 
analysing cause and effect of variables in different productivity regions lies 
with the fact that different regions have different package of variables which 
may have a direct impact on the agricultural development. 
The rotated factor matrix of high productivity regions records 
three factors loading. In high productivity regions it was observed that the 
three factors combinedly explain 87.16 per cent of variance as given in Table 
5.8. The first factor F^ accounts for 50.24 per cent of variance from the 
total variable set which comprises the strong positive loadings of irrigation 
by tube-wells (0.72) and pumpsets (0.89). The second factor F2 explains 
23.28 per cent of the total variance. The input variables on the matrix 
showing high positive coefficient loadings are irrigation by other sources 
(0.77) and fertilizer consumption (0.88). The third factor F3 indicates only 
area under high-yield varieties of seeds with a positive loading of 0.95 in the 
variable sets with a variance of 13.64 per cent. 
The rotated factor matrix of the variables set for the medium 
productivity regions is given in Table 5.9 which yielded four significant 
factors. Factor Fj accounts for 29.64 per cent of the total variance with a 
positive loading of 0.96 for only a single variable of rainfall. The second 
factor F^ explains a total variance of 28.67 per cent. This indicates a high 
positive loadings on nitrogen (0.94), phosphorus (0.96) and irrigation by 
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Table 5.10 
Factor Structure of Agricultural Development in High Productivity 
Regions through Rotated Factor Matrix - 1999-2000 
Variable Factor Loadings 
F2 . F3 
0.79127 0.35492 -0.05892 
-0.67438 0.42413 0.41028 
X, -0.08690 -0.75222 -0.50319 
0.40816 -0.02681 -0.86414 
0.46771 -0.15687 -0.81536 
-0.76725 -0.30278 0.47407 
0.72623 0.05101 -0.57846 
0.08389 0.77304 0.35570 
-0.00603 0.88624 -0.36898 
-0.04701 0.14722 0.95345 
x , , -0.93753 -0.14390 0.26082 
X.2 0.89609 -0.35338 0.03506 
Variance 
explained % 50.24 23.28 13.64 
Cumulative 
Variance % 50.24 73.52 87.16 
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Table 5.10 
Factor Structure of Agricultural Development in Medium 
Productivity Region through Rotated Factor Matrix - 1999-2000 
Variable Factor Loadings 
F, F3 F4 
-0.15294 -0.18177 0.80877 0.41346 
0.96340 -0.09560 -0.18109 -0.12823 
X, -0.86224 -0.47688 -0.00453 -0.09780 
-0.12798 0.96490 0.18072 0.10045 
0.07333 0.96167 -0.16267 -0.19237 
-0.08833 0.50364 -0.44227 0.72334 
0.16921 0.21268 -0.38274 -0.83195 
-0.03083 -0.63955 0.69693 -0.13130 
-0.43124 -0.06242 -0.09341 -0.77288 
-0.96380 0.10601 -0.17595 -0.07667 
-0.31666 -0.35581 -0.87431 -0.05617 
-0.54793 0.32234 -0.23887 -0.40746 
Variance 
explained % 29.64 28.67 20.21 13.42 
Cumulative 
Variance % 29.64 58.31 78.52 91.94 
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Table 5.10 
Factor Structure of Agricultural Development in Low Productivity 
Region through Rotated Factor Matrix - 1999-2000 
Variable Factor Loadings 
F, F, J) 
-0.00142 -0.87019 -0.33506 0.12289 
• 
0.46162 0.66830 0.11086 -0.44101 
-0.87058 -0.29468 -0.09606 0.13947 
0.76510 -0.43766 -0.35832 0.06439 
Xs 0.74268 0.07935 -0.60925 -0.17480 
0.65273 -0.17924 0.31992 -0.25930 
Xv -0.11417 0.29527 0.90706 -0.05594 
-0.12422 -0.20714 -0.95580 0.13753 
-0.0543 0.01721 -0.07158 0.95261 
0.13388 -0.97904 -0.09673 0.00793 
0.56514 -0.50010 -0.33313 0.51996 
X.2 -0.23997 -0.23297 -0.02136 0.89822 
Variance 
explained % 37.59 27.95 12.64 11.90 
Cumulative 
Variance % 37.59 65.54 78.18 90.08 
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canal (0.50). The third and fourth factors F^ and F^ do not yield any 
significant variable except irrigation by other sources in third factor and 
irrigation by canal in fourth factor with positive factor loadings of 0.69 and 
0.72 respectively. 
The independent variables identified in the low productivity regions 
account for 37.5 per cent of the total variance in factor F^ with high positive 
loadings of nitrogen (0.76), phosphorus (0.74), irrigation by canal (0.65) 
and tractor power (0.56). The second factor F2 has a positive loading of 0.66 
on rainfall only at a total variance of 27.95 per cent. The third factor F^ 
explains 12.64 per cent of the total variance and has a single positive loading 
of 0.90 on irrigation by tube-wells. In fourth factor F^ the total variance 
accounted for 11.90 per cent with a set of variables fertilizer consumption, 
tractors and pumpsets with their positive loadings of 0.95, 0.51 and 0.89 
respectively. 
C. Levels of Agricultural Development Based on Composite Index -
1999-2000 
An attempt has been made to findout the relationship between 
regional disparities and the levels of agricultural development in North Bihar 
Plain during 1999-2000. For this purpose twelve variables were considered 
which are given in Appendix F. 
As all of the indicators of development are not equally important, 
therefore, different weights are assigned to different indicators by the 
method of per cent proportional standardized mean. The weight assigned to 
one indicator is calculated by using X/a for each indicators where X is the 
Mean of the series of one particular indicator and a is the Standard Deviation 
218 
Table 5.11 
Levels of Agricultural Development in North Bihar Plain 
1999-2000 
Rank District Composite Index 
1 Saran 118.98 
2 Darbhanga 114.77 
J Samastipur 109.93 
4 Muzaffarpur 106.43 
5 Siwan 106.26 
6 Begusarai 105.91 
7 Katihar 104.23 
8 Madhepura 103.59 
9 Saharsa 102.57 
10. Supaul 100.94 
11 Khagaria 99.38 
12 Purnia 95.82 
13 Kishanganj 91.93 
14 Gopalganj 90.69 
15 Vaishali 89.64 
16 Araria 89.02 
17 Champaran East 88.69 
18 Bhagalpur 84.84 
19 Champaran West 79.77 
20 Madhubani 74.42 
21 Sheohar 74.31 
22 Sitamarhi 73.20 
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for the same series. The equation used for the computation of composite 
index may be expressed as : 
x ^ w ^ + x ^ w ^ 
C.I. = 
W, + W j 
where, 
C.I. = Composite Index 
X,, Xj.... Xj^  = the value of the variables considered 
W, = X / a 
The computed Composite Indices of each of 22 districts of North 
Bihar Plain during 1999-2000 are given in Table 5.11 on which Fig.5.6a is 
based. These indices were classified into three different grades of high 
(above 102.27), medium (89.13-102.27) and low (below 89.13) levels of 
agricultural development. The number of districts which fall in each category 
are shown in Table 5.12. 
Table 5.12 
Levels of Agricultural Development and the Districts Falling in Each 
Category in North Bihar Plain 1999-2000 
Levels of 
Agricultural 
Development 
Composite 
Index 
Range 
No. of 
District 
Name of District 
High Above 102.27 9 Saran, Darbhanga, Samastipur, 
Muzaffarpur, Siwan, Begusarai, 
Katihar, Madhepura, Saharsa 
Medium 89.13-102.27 6 Supaul, Khagaria, Pumia, 
Kishanganj, Vaishali, Gopalganj 
Low Below 89.13 7 Araria, East and West 
Champaran, Bhagalpur, 
Madhubani, Sheohar, Sitamarhi 
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The regional pattern of agricultural development shows the 
formation of a continuous belt of high agricultural development extending 
over the districts of Siwan, Saran, Muzaffarpur, Darbhanga. Samastipur, 
Saharsa, Madhepura and Begusarai. The district of Katihar also comes under 
the high agricultural development which is detached from the main belt. The 
regions attaining a high level of development include about forty per cent of 
total number of districts of the region. The districts which show medium 
level of agricultural development are scattered over the entire region, with a 
major concentration in the eastern parts. The medium level of agricultural 
development, with the index value ranging between 89.13 and 102.27, 
includes the districts of Gopalganj, Vaishali, Supaul, Khagaria, Purnia and 
Kishanganj. 
A region of low agricultural development is constituted by 7 
districts of the area. This is mainly concentrated in the northern part to 
include the districts of East and West Champaran, Sheohar, Sitamarhi, 
Madhubani and Araria. A small region of low agricultural development also 
occurs in the southern part to cover the district of Bhagalpur. 
Further, it was attempted to measure the agricultural development 
levels by considering eight indicators as the agricultural development to 
include : irrigation (X^, X^, Xg), fertilizers (X^), HYV of seeds (Xjq) and 
machineries (X,,, X]2). The variables to explain the soil characteristics (X., 
X^, X3), and rainfall (X2) were excluded because of a great variation in 
rainfall or pH value of the soil may not be responsible for a high degree of 
agricultural development. Heavy rainfall, in the absence of proper drainage 
channels sometimes causes water logging resulting in soil leaching which 
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Table 5.13 
Levels of Agricultural Development Based on Eight Variables 
Rank District Composite Index 
1 Siwan 116.81 
2 Saran 115.62 
n J Muzaffarpur 114.41 
4 Vaishali 113.85 
5 Khagaria 112.40 
6 Samastipur 108.31 
7 Champaran East 108.08 
8 Begusarai 105.50 
9 Katihar 100.66 
10. Gopalganj 100.52 
11 Daibhanga 97.99 
12 Bhagalpur 97.81 
13 Champaran West 95.74 
14 Sheohar 92.84 
15 Madhepura 91.93 
16 Purnia 91.92 
17 Saharsa 90.32 
18 Sitamarhi 89.87 
19 Supaul 87.90 
20 Madhubani 87.76 
21 Aiaria 85.61 
22 Kishanganj 82.94 
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may subsequently affect soil fertility. Similarly, a high concentration of pH 
value may make soil more saline resulting in the loss of fertility. On the 
contrary, adequate doses of fertilizers, high-yielding varieties of seeds, 
irrigation extension to the cropped areas indicate high levels of agricultural 
development. Therefore, in order to findout agricultural development levels, 
the variables X^, X3, X^ and X . were not considered. The levels of 
development in agriculture were determined on the basis of composite 
indices, computed on the basis of formula applied earlier. The composite 
indices for each of the district of North Bihar Plain are given in Table 5.13. 
On the basis of composite index, all the districts of the area were 
grouped into three distinct categories of high, medium and low. The index 
value and number of districts which fall in each categoiy are shown in Table 
5.14 and regions of agricultural development as demarcated are marked out 
in Fig. 5.6b. 
Table 5.14 
Number of Districts under Different Categories of Agricultural 
Development Based on Eight Variables 
Levels of 
Agricultural 
Development 
Composite 
Index 
Range 
No. of 
District 
Name of Districts 
High Above 104.88 8 Siwan, Saran, Muzaffaipur, 
Vaishah, Samastipur, East 
Champaran, Begusarai,Khagaria 
Medium 94.10-104.88 5 West Champaran, Gopalganj, 
Darbhanga, Katihar, Bhagalpur 
Low; Below 94.10 9 Sheohar, Madhepura, Pumia, 
Saharsa, Sitamarhi, Supaul, 
Madhubani, Aiaria, Kishanganj 
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It can be seen from Fig.5.6b, that high agricultural development 
with an index value above 104.88 spreads over the southern and western parts 
of the area to include 8 distiicts namely, Saran, Siwan, Muzaffarpur, Vaishali. 
East Champaran, Samastipur, Begusarai and Khagaria. The medium 
development levels occur in 2 districts in northwestern part namely, 
Gopalganj and West Champaran, one central district of Darbhanga and two 
districts in southeastern part namely, Bhagalpur and Katihar show the index 
value in between 94.10 and 104.88. 
The region characterised with low level of agricultural 
development with the index value below 94.10 forms a sizeable block in the 
northern and notheastern parts to include the districts namely, Sheohar, 
Madhepura, Purnia, Saharsa, Supaul, Madhubani, Araria and Kishanganj. 
It is evident from Fig.5.6b that the districts which relatively receive 
high rainfall are not agriculturally well developed. Soil acidity and leaching 
are mainly responsible for low levels of development. 

North Bihar Plain is one of the fertile region of the State of Bihar 
in India but lags far behind in comparison to some other agricultmally 
advanced states of the countiy. The government has made a number of efforts 
for the improvement, but is still awaits for developmental strategies to 
become more effective. Since agriculture is the mainstay of the economy of 
the region where a substantial proportion of the total population is engaged 
in agriculture and its allied activities, there is an urgent need for the 
betterment of this sector of the economy, which will ultimately bring 
economic progress in the region. An analysis of the factors responsible for 
the variations in the development of agriculture may give new dimensions 
for understanding the problems. A new phase of agricultural modernization 
may be brought in different parts of the region. 
The continuous growth of population in North Bihar Plain has 
forced the farmers to pay a special attention to obtain more agricultural 
output with less efforts in order to meet the increasing demand of a number 
of commodities for their own sake. Therefore, there has been an increase in 
area to be brought under cultivation and for an increase in production of 
foodgrains. 
The net area sown during 1985-90 accounted for 62.34 per cent of 
the total reporting area of the region which increased to 64.76 per cent (an 
increase of 2.42 per cent) during 1995-2000. Similarly, the area sown more 
than once also increased in the similar manner during the period concerned. 
The production of crops recorded a simultaneous increase from 11.65 
m.m.tonnes in 1985-90 to 14.08 m.m.tonnes during 1995-2000. 
227 
The growth rate in area and production of crops indicate that among 
the cereals, rice is the dominant crop which has accounted for an increase in 
production from 2.45 m.m.tonnes in 1985-90 to 2.77 m.m.tonnes during 
1995-2000, in spite of decrease in area under its cultivation. Next in 
importance is the wheat, which stands as the second ranking crop in the study 
area. Area under wheat has increased from 1.16 m.ha. during 1985-90 to 
1.28 m.ha. during 1995-2000. 
The area as well as production of pulses has shown a decrease. The 
area under pulse crops recorded a decrease of 0.10 m.ha., and in production 
0.04 m.m.tonnes. The area under oilseeds increased upto 0.12 m.ha. and 
production by 0.09 m.m.tonnes during the last 15 years. The area under the 
cash crops show an increase of 0.03 m.ha. during the period between 
1985-90 and 1995-2000. 
On the basis of crop productivity, the districts of North Bihar Plain 
were demarcated into high, medium and low productivity regions for three 
points of time i.e., 1985-90, 1990-95 and 1995-2000. During the first two 
sets of period agricultural productivity regions in the study area remained 
more or less same. During these periods, the high productivity regions were 
located in the western and southern parts, but during 1995-2000, they were 
marked out to be located in northwestern, central and southern parts of the 
region. 
An input and output analysis performed on the basis of output 
(productivity) and input (independent variables) adopting a statistical 
technique for multiple correlation. This analysis reveals firstly, that pH 
value, nitrogen, phosphorus, fertilizers, high-yielding varieties of seeds. 
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irrigation by canal and tube-wells, tractor power and pumpsets are positively 
correlated with productivity, whereas the amount of rainfall and irrigation 
(by other sources) have a negative correlation. Secondly, the role of 
independent variables were identified by testing them through factor analysis 
for each productivity region as well as North Bihar Plain considering it as a 
single unit. The cause of high productivity at Fj was revealed by the variables 
of nitrogen, phosphorus, irrigation by tube-wells and other sources of 
irrigation and pumpsets. At Fj rainfall, irrigation by tube-wells and other 
sources of irrigation, chemical fertilizers and high-yielding varieties (HYV) 
of seeds and at F, rainfall, irrigation by canal and tube-wells, HYV of seeds, 
tractor power and pumpset were the main cause of making the areas to have 
high productivity. 
The overall assessment of the study reveals, that the agricultural 
development in North Bihar Plain is more dependent on management of 
resources committed to cultivation like irrigation, HYV of seeds, fertilizer 
consumption and mechanization than on ecological parameters. The 
agricultural development cannot be over emphasized with the impact of 
ecological factors because they appear to be less significant with the level 
of agricultural development. 
The general distribution of agricultural development shows that 
western and southern districts are agriculturally more productive than the 
eastern and northern districts. However, the present levels of agriculture in 
the region need improvement in order to meet the demand of the population 
by adopting certain strategies. 
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In the canal and tube-well irrigation area, water logging is a serious 
problem which renders the land out of cultivation due to depletion of soil 
fertility. Farmers do not bother about the scientific angle to crop cycle and 
donpt follow the recommendations given to them. As a result, the natural 
fertility of the soil is decreasing. To overcome this problem high doses of 
organic manures as well as the use of gypsum and basic slag (a by-product of 
steel plants) are required, otherwise, the soil fertility will deteriorate 
rapidly. The application of gypsum and basic slag are beyond the reach of 
middle-class farmers. As an alternative high doses of organic manuring and 
judicious selection of crops may reduce the injurious done to crops by salts. 
The proper order of plantation at the first instance is sugarcane or rice, then 
a sugarcane ratoon, followed by pulses or green manuring. 
There has been an enormous loss of crops due to inferior quality 
of inputs and their non-availability on time. Moreover, the adoption of new 
technology without adequate knowledge and experties has created a host of 
problems. There is an inadequacy of chemical fertilizer application which is 
totally related to the income of farmers. The subsidy on fertilizers should be 
increased and public sector fertilizer plants be modernized. 
Agricultural credit is an important input for increasing productivity 
and production and is also a factor that can help farmers to get fair prices. A 
major impediment has been the absence of the extension services on part of 
the modern methods of farming and pesticide application. Farmers should be 
helped to store crop output with minimal wastage until the marketing of the 
output is done. The government should declare a minimum support price at 
the time of harvesting for those crops whose prices have declined and open 
foodgrains purchasing centres for market intervention to protect the interest 
of the farmers. 
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In order to increase the yield level of crops, irrigation facilities 
should be extended to fulfil the need of high-yielding varieties of seeds and 
fertilizers. Embankments should be constructed on the rivers and waters 
restored should be utilized properly by laying of canals. This will help in 
bringing more area under canal command and reduces the problem of floods. 
Land reform measures should be enacted and population growth 
should be minimize in order to check the fragmentation of land of smaller 
size. This is to be done through imparting education to the farmers. 
Education inculcates new ideas and helps in adoption of agricultural 
innovations. Bihar ranks at the bottom of literacy and accounts for about 
47.53 per cent (Census of India, 2001). 
It may be stated, that although the present work attempts to 
correlate a number of independent variables with dependent variable 
(productivity), and on the basis of this, it is to mention that this itself is not 
claimed as final or the only suggestion. This can change with more micro 
and detailed study as well as on the basis of conducting more field works. 
The present work is only an endeavour to findout the influence of ecological 
factors on the development of agriculture and the role of technological 
factors responsible for agricultural development. 
In the last, it is suggested that the strategies for agricultural 
development should be sustainable ecofriendly which may help in 
maintaining the environment in sound healthy. Such steps will go a long way 
in making region agro-ecosystems more productive, less fragile and more 
sustainable. 
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Appendix E 
Districtwise Agricultural Productivity Indices - Based on 
Composite Index in North Bihar Plain 
District 1985-90 1990-95 1995-2000 
Araria - 96.14 87.22 
Begusarai 117.59 121.26 106.33 
Bhagalpur 92.35 90.78 101.79 
Champaran East 104.28 99.15 109.04 
Cham par an West 112.57 114.56 104.56 
Darbhanga 98.94 100.15 92.86 
Gopalganj 103.42 114.07 98.93 
Katihar 84.97 94.51 91.48 
Khagaria 91.58 111.56 115.24 
Kishanganj - 99.40 86.36 
Madhepura 91.59 91.63 102.26 
Madhubani 101.75 93.73 102.59 
Muzaffarpur 93.30 96.74 115.03 
Purnia 90.99 92.99 97.75 
Saharsa 92.48 84.81 89.86 
Samastipur 122.62 111.54 115.16 
Saran 101.41 102.45 98.88 
Sheohar - - 92.31 
Sitamarhi 98.63 85.21 86.25 
Si wan 110.68 105.56 109.26 
Supaul - - 101.34 
Vaishali 103.27 96.86 89.74 
Source : Bihai- Through Figures (1985-2000), Directorate of Statistics and 
Evaluat ion , Pa tna , Bihar. 
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